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ADVERTISEMENT. 
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INTRODUCTION. 


F all the ſciences cultivated by mankind, Aſtronomy is ac- The general 
knowledged to be, and undoubtedly is, the moſt ſub- — — 
lime, the moſt intereſting, and the moſt uſeful. For, 

ſe: by knowledge derived a this ſcience, not only the 

bulk of the Earth is diſcovered, the ſituation and extent of the 

countries and kingdoms upon it aſcertained, trade and commerce 

carried on to the remoteſt parts of the world, and the various pro- 

ducts of ſeveral countries diſtributed for the health, comfort and 

conveniency of it's inhabitants; but our very faculties are enlarged 

with the grandeur of the ideas it conveys, our minds exalted above 

the low contracted prejudices of the vulgar, and our underſtandings 

clearly convinced, and affected with the conviction, of the exiſt- 

ence, wiſdom, power, goodneſs, and ſuperintendency of the SU- 

PREME BEING! So that without an hyperbole, 


An undevout Aftronomer is mad *. 


2. From this branch of knowledge we alſo learn by what means 
or laws the Almighty carries on, and continues, the admirable har- 
mony, order, and connexion obſervable throughout, the planetary 
{ſyſtem ; and are led by very powerful arguments to form the pleat. 
ing deduction, that minds capable of ſuch deep reſearches derive 
their origin from Heaven ; and are incited to aſpire thither, as to 
their proper and final habitation. 
3. By Aſtronomy we diſcover that the Earth is at ſo great a diſtance The Earth 
from the Sun, that if ſeen from thence it would appear no bigger feen ffn te 
than a point; although it's circumference is well known to be 2 5,0208Sus. 


* Dr. Youxc's Night Thoughts. 
B | 


I. 


miles. 


A 
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miles. Vet that diſtance is fo ſmall, compared with the diſtance of 
the Fixed Stars, that it the Orbit in which the Earth moves round 
the Sun were ſolid, and ſeen from the neareſt Star, it would likewiſe 
appear no bigger than a point, although it is at leaſt 162 millions of 
miles in diameter. For the Earth in going round the Sun is 162 
millions of miles nearer to ſome of the Stars at one time of the 
ear than at another; and yet their apparent magnitudes, ſituations 
and diſtances from one another ſtill remain the fame ; and a tele- 
ſcope which magnifies above 200 times does not ſenſibly magnify 
them : which proves them to be at leaſt 400 thouſand tirnes farther 

from us than we are from the Sun. | 
Why the Sin 4. The reaſon why the Sun appears to us ſo bright and large in 
vppears #5 compariſon of the Fixed Stars is, becauſe we conſtantly keep near 
bus. the Sun, in compariſon of our immenſe diſtance from the Stars. 
For, a ſpectator, placed as near to any Star as we are to the Sun, 
would fee it a body as large and bright as the Sun appears to us: 
and a ſpectator, as far diſtant from the Sun as we are from the Stars, 
would ſee the Sun as ſmall as we fee a Star, diveſted of all its cir- 
cumvolving Planets ; and would actually reckon it one of the Stars 

7 in numbering them. 7 

The Stars are 5. The Stars ay 2 at ſuch an immenſe diftance from the Sun can- 


ot enlipht- . . : | | 
i <d by the not poſſibly receive from him ſo ſtrong a light as they appear to have; 


Sun 6 


nor any brightneſs ſufficient to make them at all viſible to us. For 
the Sun's rays would be fo ſcattered and diſſipated before they reached 
ſuch remote objects, that they could never be tranſmitted back to 
our ſight by refleftion : and therefore the Stars ſhine with their own 
native and unborrowed luſtre as the Sun does; and being one with: 
another as big as he, and each confined like him to one porn of 
0 ſpace, it is plain that they are of the ſame nature with him. 

6. It is not to be imagined that the Stars are placed in one, 

concave ſurface, ſo as to be all equally diſtant from us; but that 

they are ſcattered at immenſe diſtances from one another through un- 
Jr are Suns limited ſpace. So that there may be as great a diſtance between any 
1 | eniclves,. "ve neighbouring Stars as betwixt our Sun and thoſe which are 
| neareſt to him. Therefore an Obſerver, who is neareſt any fixed Star, 
| will look upon it alone as areal Sun; and conſider the reſt as ſo many 

ſhining points, placed at equal diſtances from him in the Firmament. 

7. By the help of teleſcopes we diſcover thouſands of armor | 

are inviſible to the naked eye; and the better our glaſſes are, ſtill the | 

And innume- more become viſible : ſo that we can ſet no limits either to their 


ne. number or their diſtances.. The celebrated Huycrns carries his 
thoughts 


\ 
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thoughts ſo far, as to believe it not impoſſible» that there may be Stars 
at ſuch inconceivable diſtances, that their light has not yet reached 
the Earth ſince it's creation; notwithſtanding the amazing velocity — — 
of light, which flies a million of times ſwiſter than a cannon bullet, | - 
as ſhall be demonſtrated afterwards, 5 181, 198 ; and, as Mr. An- 
DISON very juſtly obſerves, this thought is far from being extrava- 
gant, when we conſider that the Univerſe is the work of infinite 
power, prompted by infinite goodneſs; having an infinite ſpace to 
exert itſelf 'in ; fo that our imaginations can ſet no bounds to it. 
8. It is no ways probable that the Almighty; who always acts 
with infinite wiſdom and does nothing in vain, ſhould create fo many 
glorious Suns, fit for ſo many important purpoſes, and place them 
at ſuch diſtances from one another, without proper objects near 
enough to be benefited by their influences. Whoever imagines they Are probably 
were created only to give a faint glimmering light to the inhabitants nc EE 
of this Globe, muſt either be altogether ignorant of Aſtronomy, or 
elſe have but a very ſuperficial knowledge thereof, and a mean opi- 
nion of the Divine Wiſdom : fince, by an infinitely leſs exertion of 
creating power, God could have given us much more light by one 
ſingle additional Moon. A2 
9. Mr. MARTIN in his Philoſophical Grammar (page 172) reaſons 
thus. Our Sun ſhineth by its own native light; ſo do all the Stars; 
ergo, they are Suns. The Sun at the diſtance of a fixed Star would 
appear no larger than a Star; ergo, a fixed Star may be as large as the 
Sun. None of our Planets could be ſeen at that diſtance; ergo, each 
Star may have a Syſtem of Planets, though unſeen. God hath made 
nothing in vain; but nothing is more vain than to pretend myriads 
of unſeen Stars were made to twinkle in the unſeen, unheeded, un- 
known regions of the Univerſe; ergo, they ſeverally ſerve the noble 
purpoſes of light and heat for the Planets of their Syſtems. Alfo | 
it is well known that the Milky Way hath its complexion from the . 
united luſtre of an infinite number of Stars or Suns, in thoſe parts | | 
of the expanſe which go by that name. From all this it appears, l 
that the hypotheſis of a plurality of worlds is rational, worthy a phi- 
loſopher; and greatly diſplays the wiſdom, and redounds to the glory 
of the great Creator and Governor *.” 10. In- 


* „A new Star is ſaid to have been obſerved by HierpaRcHvs : but it's place in 
the Heavens was not left upon record. 2. On the 8th of November 1572 a new 
Star was ebſerved\to appear in the chair of 1 1 by CorNELius GEMMA ; it 
was ſeen by TYcHo BRAHE on the 11th of the ſamne month; and in March 1574. it 

became inviſible. 3. In the year 1604, Sept. 30, the ſcholars of KEPLER ſaw a new New Stars. ; 
Star near the right leg of Serpentarius ; vo gradually diſappeared, and was were 
2 ; inviſible 
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10. Inſtead then of one Sun and one World only in the Univerſe, 
as the unſkilful in Aſtronomy imagine; that Science diſcovers to us 
ſuch an inconceivable number of Suns, Syſtems, and Worlds, diſ- 

rſed through boundleſs Space, that if our Sun, with all the Planets, 

oons, and Comets belonging to it were annihilated, they would be 
no more miſſed out of the Creation than a grain of ſand from the 
ſea-ſhore, The ſpace they poſſeſs being comparatively ſo ſmall, that 
it would ſcarce be a ſenſible blank in the Univerſe; although Saturn, 
the outermoſt of our Planets, revolves about the Sun in an Orbit of 
4884 millions of miles in circumference, and ſome of our Comets 
make excurſions upwards of ten thouſand millions of miles beyond 


' Saturn's Orbit; and yet, at that amazing diſtance, are incomparably 


nearer to the Sun than to any of the Stars; as is evident from their 


inviſible in Jan. 1606. Theſe two appeared with the Juſtre of Venus or Jupiter, and 


not as the following, which are therefore thought to be of a different ſpecies. 


4. In the year 1590, Auguſt 3, David FABRICIUs gives the firſt account of the 
erful Star, in the neck of the hale ; which has been ſince found 

to appear and diſappear periodically ; it's period being ſeven revolutions in fix years; 
and is never entirely extinguiſhed. 5. In the year 1600 WILLIAM JANSENIUS diſ- 
covered a new Star in the neck of the Swan, which in time became ſo ſmall as to be 
thought to diſappear intirely, till the years 1657, 1658, and 1659, when it recovered 
it's former magnitude; but ſoon after decayed, and is now of the leaſt ſize. 6. In 
the year 1670, Fuly the 15th old ſtyle, HEVETIUs diſcovered a new Star; which in 
Other was ſo decayed, as to be ſcarce perceptible. In April 82 it regained 
1072 it was 

ſeen again, but very ſmall ; fince which it has not been viſible. 7. The ſixth, and 
laſt new Star, was diſcovered by Mr. KIRch, in the year 1686; which returns pe- 


4 


riodically in 404 days. 

8. There are ſeveral lucid ſpots in the Heavens, called Nebulz from their miſty 
appearance, To the naked eye they look like dim fixed Stars; but through a tele- 
ſcope they appear broad illuminated ſpaces of ether; in ſome of which there is a ſmall 
Star, in others more. Of theſe Nebulæ there are ſix diſcovered, viz. The firſt and 
moſt remarkable in Orion's ſword at preſent is in Gemini 19 degrees, ſouth latitude 
28 deg. 45 min, About the year 1661 another was diſcovered in Andromeda's girdle : 
it's longitude is Aries 24 degrees, and lat. 33 deg. 20 min. north. The third was diſ- 
covered in the year 1665; it's longitude is Capricorn 4 deg. 30 min. and it's lat. o deg. 
30 min. ſouth. The fourth was diſcovered by Dr. HALLE V in 1677 in the Southern 
Hemiſphere, and never riſes in England. The fifth was diſcovered by Mr. K1RcH in 
1681; it's longitude is Capricorn 9 deg. o min. and it's latitude 17 deg. 10 min. 
north. The ſixth and laſt was diſcovered by Dr. HALLey in 1714; it's longitude 
is Scorpio 26 deg. 30 min. and it's latitude 57 deg. o min. north. 0 | 

9. The Conſtellation called the Pleiades or Seven Stars contains no leſs than 70 or 
80 Stars viſible by the teleſcope: and when I placed a teleſcope againſt one of the 
nebulous Stars, the glaſs was fo full of very fmall Stars, that they could not be num- 
dered. From all this it ſeems perfectly certain that the whole Univerſe is replete 
with numberleſs Worlds to us unknown; and which no human art can ever diſ- 


cover.” f 
| keeping 
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keeping clear of the Stars attractive Power and returning periodically 
by virtue of the Sun's Attraction. rh: 5 
11. From what we know of our own Syſtem it may be reaſonably The ftellar 
concluded that all the reſt are with equal wiſdom contrived, ſituated, 3 
and provided with accommodations for rational inhabitants. Let us 
therefore take a ſurvey of the Syſtem to which we belong; the only 
one acceſſible to us; and from thence we ſhall be the better enabled 
to judge of the nature and end of the other Syſtems of the Univerſe. 
For although there is almoſt an infinite variety in all the parts of the 
Creation which we have opportunities of examining; yet there is a 
general analogy running through and connecting all the parts into one 
ſcheme, one deſign, one whole 1 
12. And then, to an attentive conſiderer, it will appear highly 
probable, that the Planets of our Syſtem, together with their atten- | 
dants called Satellites or Moons, are much of the ſame nature with As our Solar 
our Earth, and deſtined for the ſame purpoſes. | For, they are ſolid *'**** are. 
opaque Globes, capable of ſupporting animals and vegetables, Some 
of them are bigger, ſome leſs, and ſome much about the ſize of our 
Earth. They all circulate round the Sun, as the Earth does, in a 
ſhorter or longer time according to their reſpective diſtances from 
him: and have, where it would not be inconvenient, regular returns 
of ſummer and winter, ſpring and autumn. They have warmer and 
colder climates, as the various productions of our Earth require: 
and, in ſuch as afford a poſſibility of diſcovering it, we obſerve. a 
regular motion round their Axes like that of our Earth, cauſing an 
alternate return of day and night; which is neceſſary for labour, reſt, 
and vegetation, and expoſes all parts of their ſurfaces to the rays of 
the Sun. 1 1 8 . 
13. Such of the Planets, as being fartheſt from the Sun enjoy The fartheſt 
leaſt of his light, have that deficiency made up by ſeveral leſſer nan won 
Moons, which conſtantly accompany,. and revolve about them, as Moons % en- 
our Moon does round us. The remoteſt of them has, over and "hen theis 
above, a broad Ring encompaſſing him; which like a lucid Zone in Ml 
the Heavens reflects the Sun's light very copiouſly on that Planet: fo 
that if they have the Sun's light fainter by day than we, to which 
their eyes may be very well fitted, they have an addition made to 
it morning and evening by one or more of their Moons, and a greater 
light in the night-time. 4 
14. On the ſurface of the Moon, becauſe it is nearer to us than Our Moon 
any other of the celeſtial Bodies, we diſcover a nearer reſemblance of e 


our Earth. For, by the aſſiſtance of teleſcopes we obſerve her to be 
| full 
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INTRODUCTION. 


full of high mountains, large valleys, and deep cavities. Theſe ſimi- 
larities leave us no room to doubt but that all the Planets and Moons 
in the Syſtem are deſigned as commodious habitations for creatures 
endowed with capacities of knowing, obeying, and adoring their be- 
neſicent Creator, | | N 
15. Since the fixed Stars are prodigious ſpheres of fire, like our 
Sun, and at inconceivable diſtances from one another, as well as from 
us, it is reaſonable to conclude they are made for the ſame purpoſes 
that the Sun is; each to beſtow light, heat, and vegetation on a cer- 
tain number of inhabited Planets, kept by gravitation within the 
ſphere of it's activity. ; | | | 
16. What an auguſt! what an amazing conception, if human 
imagination can conceive it, does this give of the works of the Crea- 


tor! Thouſands of thouſands of Suns, extending without end beyond 
one another, all around, and at immenſe diſtances from each other, 


ranged in the moſt beautiful order, accompanied with ten thouſand 
times ten thouſand Worlds, all in rapid motion, yet calm, regular, 


and harmonious, invariably keeping the paths preſcribed them ; and 


PLATE I. 
Fig. Is, 


The Eolar 


Syllem, 


theſe Worlds peopled with myriads of intelligent beings, all candi- 
a_ for Heaven, and capable of endleſs progreſſion in perfection and 
felicity. | | | 
17 If ſo much power, wiſdom, goodneſs, and magnificence is 
diſplayed in the material Creation, which is but the leaſt conſiderable 
751 of the Univerſe, how great, how wiſe, how good, how adora- 
le muſt HE be, who made and who guides the Whole ! 


S999959990000555590909963965200055999 9966555 


: CHAP. I. 
A brief Deſcription of the Solar SysTEM. 


18. HE Sum, together with the Planets and Comets which 

move round him, conſtitute the Solar Syſtem. "Thoſe Pla- 
nets which are nearer the Sun not only finiſh their circuits ſooner, but 
hkewiſe move faſter in their reſpective Orbits, than thoſe which are 
more remote from him. Their motions are all performed from weſt 
to eaſt in Orbits nearly circular, and their names, diſtances, bulks, 
and periodical revolutions are as follow. _ 


The 
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Of "the Solar Siam. ro 


1 19. The Sun , an immenſe globe of fire, is placed near the PLATE 1. | 
common center, or rather in the lower * focus, of the Orbits of all 
the Planets and Comets, and turns round his axis in 25 days 6 hours, Fig. 1. 


as is evident by ſpots ſeen on his ſurface. His circumference is com- The Sun. 
puted to be 2, 398, ooo miles; and, by the various attractions of the 
circumvolving Planets, he is agitated by a ſmall motion round the 

center of the Syſtem. All the Planets, as ſeen from him, move the 

ſame way, according to the order of Signs in the graduated Circle 

8 II S &c. which. repreſents the great Ecliptic in the Heavens: 

But, as ſeen from any one Planet, the reſt appear ſometimes to 


backward, ſometimes forward, and ſometimes to ſtand ſtill; not in 
circles nor ellipſes, but in + looped curves which never return into 


themſelves. The Comets come from all- parts of the Heavens, and 
move in all ſorts of directions. 1 
20. Having mentioned the Sun's turning round his axis, and as 
there will be frequent occaſion to mention the like motion of the 
Earth and other Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets have material axes to 
turn upon, and to ſupport them, as we are forced to have for the 
little imitations of them in our imperfe& Machines; but that the phy- 
ical line which paſſes through the center of the Planet, terminating in The Planets 
oppoſite points of it's ſurface, and about which it turns, is called te 
Axis of the Planet; and the extremities of the axis are called the 
Poles. That which points towards the northern part of the Heavens 
is called the North Pole; and the other, pointing toward the /ou- 
chern part, is called the Sgutb Pole. A bowl thrown out of one's 
hand in the open air turns round ſuch a line within itſelf, whilſt it 
moves forward; and ſuch are the lines we mean when we ſpeak of 
the Planets axes. 2 7 | 8 
21. Let us ſuppoſe the Earth's Orbit to be a thin, even, ſolid plane; Their Orbits 


cutting the Sun through the center, and extended out as far as the ume 83 
ſtarry Heavens, where it will mark the great circle called the Eclip- with the 


tic. This Circle we ſuppoſe to be divided into 12 equal parts, called eite. 


Signs; each Sign into 30 equal parts, called Degrees; each Degree 


into 60 equal parts, called Minutes; and every Minute into 60 equal 


* If two pins be ſtuck into a table, and a thread tied looſely round them, a pencil 
held within the thread, kept moderately tight, and moved round the pins, will 
deſcribe an Ellipſis, of which the points where the pins ſtick. are the two focuſes. 
All the Planets Orbits are elliptical, and the Sun is placed in one of the focuſes of all 
their Orbits, and where he is placed is called the Lower focus. FEES 

y As repreſented in Plate VI. Fig. 1. and deſcribed. in the 212th and 213th ar- 
ticles, | | | 


parts, 
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PLATE I. parts, called Seconds: ſo that a Second is the Goth part of a Minute; 
a Minute the Goth part of a Degree; and a Degree the 36oth part 
of a Circle, or zoth part of a Sign. The Planes of all the other 
Planets' Orbits likewiſe cut the Sun in halves; but extended to the 
Heavens form Circles different from one another, and from the E- 
cliptic ; each having one half on the north fide, and the other on the 

Their Nodes. ſouth fide of it. Conſequently the Orbit of each Planet croſſes 
the Ecliptic in two oppoſite points, which points are called their 

Nodes. The Nodes of every particular Planet are in different parts 
of the Ecliptic from thoſe of the others; and therefore, if their 
Tracks were viſible in the Heavens, they would in ſome meaſure re- 
ſemble the different rutts of waggon-wheels croſſing one another in 
different parts, but. never going far aſunder. That Node, or Inter- 
ſection of the Orbit of any Planet with the Earth's, from whence the 
Planet aſcends Le, above the Ecliptic, is called the Aſcending 
Node of the Planet; and the other, which is directly oppoſite there- 

Where lituat- to, is called it's Deſcending Node. Saturn's Aſcending Node is in 

es, 21 deg. 13 min. of Cancer S, Jupiter's in 7 deg: 29 min. of the 
ſame Sign, Mars's in 17 deg. 17 min. of Taurus 6, Venus's in 
13 deg. 59 min. of Gemini II, and Mercury's in 14 deg. 43 min. of 
Taurus. Here we conſider the Earth's Orbit as having no obliquity, 

. and the Orbits of all the other Planets as oblique to it. 

The Axesand 22, But, as the Author of Nature has no occaſion for material 

bits of de Axes to ſupport and turn his Planets round upon, ſo neither does he 

nothing ſolid, want any ſolid Orbits or beaten Paths to direct their annual motions. 
It is very well if we, by means of an hundred wheels and axles, can 
give ſeventeen little balls in an Orrery ſ&the reſemblance of the mo- 
tions of the Sun, Planets and Moon ; not to mention any of the 
Comets, although they are the moſt conſiderable bodies of the 
Syſtem. HE makes uſe of no more than two Powers or Forces 
for the whole, to which we give the names of Gravitation and Pro- 
jeckion, and which ſhall be explained in the fourth Chapter. By 
theſe: two Laws, which we find take place throughout the whole 
Syſtem, his Planets move more regularly about the Sun, and in every 
Revolution find the Points from whence they ſet out at firſt more 
truly than can be imitated in the beſt Au made by human art. 

t 


Mercury. 23. MERCURY, the neareſt Planet to the Sun, goes round him 
, (as in the circle marked g) in 87 days 23 hours of our time nearly; 
Fig. 1. which is the length of his year. But, being ſeldom ſeen, and no 


{pots appearing on his ſurface or diſc, the time of his rotation 


on his axis, or the length. of his days and nights, is as yet un- 
| known. 
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known. His diſtance from the Sun is computed to be 32 millions of PLATE I. 
miles, and his circumference about 13 thoulind 350.: In Big Courts. © 
round the Sun, he moves at the rate\of 96 thouſand 332 miles every 
hour. His light and heat from the Sun is ſeven times as great as ours; 
and the Sun appears ſeven times as large to him as to us. The great May be in- 
heat on this Planet is no argument againſt it's being inhabited; fince the habited. 
Almighty could as eaſily ſuit the bodies. and conſtitutions of it's ing - 
habitants to the heat of their dwelling, as he has done ours to what 
we enjoy here. And it is very likely that the people there have 
the ſame opinion of us, that we have of the inhabitants of Jupiter 
and Saturn ; namely, that we muſt be intolerably cold; and — | 
very little light at ſo great a diſtance from the unn. | 12 4 85 
24. This Planet appears to us in all the various ſhapes of the Has like pha- 
Moon, when viewed at different times by a good teleſcope; ſave only wh the 
that he never appears quite Full, becauſe his enlightened fide is turnn 
ed directly towards us only when he is ſo near So Sun as to be loſt 
to our fight in his beams. And, as his enlighened ſide is always 
toward the Sun, it is plain that he ſhines not by any light of his own; 
for if he did, he would conſtantly appear round. That he moves 
about the Sun in an Orbit within the Earth's Orbit is alſo plain (as 
will be more largely ſhewn by and by, $ 127) becauſe he is never 
ſeen oppoſite to the Sun, nor above 56 times the Sun's breadth frum 
his center. | | | 
25. His Orbit is inclined feven degrees to the Ecliptic ; and that His Orbit 
Node, § 21, from which he aſcends northward above the Ecliptic is d Nodes. 
in the 14th degree of Taurus; the oppoſite, in the 14th degree of 
Scorpio. The Earth is in Neſe points on the 5th of November and 
4th of May, new ſtyle; and when Mercury comes to either of his 
Nodes at his inferior Conjunction about theſe times, he will appear to 
paſs over the diſc or face of the Sun, like a dark round ſpot. But 
in all other parts of his Orbit his Conjunctions are inviſible ; becauſe 
he either goes above or below the Sun. | 
26. Mr. Wuls rod has given us an account of ſeveral periods at When he will 
which Mercury may be ſeen on the Sun's diſc, viz. In the year nba ig Fob 
1782, Nov. 12th, at 3h. 44 m. in the afternoon : 1786, May 4th, 
at 6 h. 57 m. in the forenoon ; 1789, Dec. 6th, at 3 h. 55 m. in the 
afternoon, and 1799, May 7th, at 2 h. 34m. in the afternoon. There 
will be ſeveral intermediate Tranſits, but none of them viſible at 
London. ER | 
27. VxNus, the next Planet in order, is computed to be 59 millions 
of miles from the Sun; and by moving at the rate of 68 thouſand 2 Fig. 1. 
9 fa 
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Venus, 


Her Orbit lies 
between the 
Earth and 
Mercury. 


Of the S, olar Sy en. 


miles every hour in her Orbit (as in the circle marked g), ſhe goes 
round the Sun in 224 days 17 hours of our time nearly; in which, 
though it be the full length of her year, ſhe has only 9+ days, ac- 
cording to BIANCHIN1's obſervations ;. ſo that in her every day and 
night together is as long as 24 days and _ with us. This odd 
quarter of a day in every year makes every fourth year a leap-year to 
Venus; as the like does to our Earth. Her circumference is 24 thou- 
fand 820 miles ; and by her diurnal motion the inhabitants about her 
Equator are carried 43 miles every hour: beſides the 68,766 above- 


mentioned. | 
28. Her Orbit includes that of Mercury within it ; for at her 


greateſt Elongation, or apparent diſtance from the Sun, ſhe is 96 
times his breadth from his centre; which is almoſt double of Mer- 


cury's. Her Orbit is included by the Earth's; for if it were not, ſhe 


might be ſeen as often in Oppoſition to the Sun as in Conjunction 
with him; but ſhe was never ſeen go degrees, or a fourth part of a 


She is our 
morning and 
evening Star. 


Circle, from the Sun. 
29. When Venus appears weſt of the Sun ſhe riſes before 


him in the morning, and is called the Morning Star : when ſhe 


appears eaſt of the Sun ſhe ſhines in the evening after he ſets, 


and is then called the ming Star: being each in it's turn for 
290 days. It may perhaps be ſurpriſing at firſt, that Venus ſhould 
keep longer on the eaſt or weſt of the Sun than the whole time 


of her Period round him. But the difficulty vaniſhes when we 


conſider that the Earth is all the while going round the Sun the ſame 
way, though not ſo 3 as Venus: and therefore her relative mo- 


tion to the Earth muſt in every Period be as much ſlower than her 


Remarkable 
appearances, 


abſolute motion in her Orbit, as the Earth during that time advances 
forward in the Ecliptic ; which is 220 degrees. To us ſhe appears 
through a teleſcope in all the various ſhapes of the Moon. 

30. Her Axis inclines 75 degrees to her Orbit; which is 514 de- 
grees more than our Earth's Axis is inclined to the Ecliptic: and 
therefore the variation of her ſeaſons is much greater than of ours. 


Her Axis inclines towards the 2oth degree of Aquarius, our Earth's 


to the beginning of Cancer ; and therefore the northern parts of Ve- 
nus have ſummer in the Signs where thoſe of our Earth have winter, 


and vice versd, 
31. The * artificial day at each Pole of Venus is as long as 112 


natural days on our Earth. | 


The time between the Sun's riſing and ſetting. 


32; The 
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32. The Sun's greateſt Declination on each ſide of her Equator 
amounts to 75 degrees; therefore her“ Tropics are only 15 degrees Her Tropics 
from her Poles ; and her + Polar Circles as far from her Equator, cad FORE 
Conſequently, the Tropics of Venus are between her Polar Circles g * 
and Poles ; contrary to what thoſe of our Earth are. | 
33. As her annual Revolution contains only 9+ of her days, the The Sun's 
Sun will always appear to go through a Sign, or twelfth Part of her Sa. 
Orbit, in little more than three quarters of her natural day, or in 
184 days and nights of our time. 

34. Becauſe her day is ſo great a part of her year, the Sun changes 
his Declination in one day ſo much, that if he paſſes vertically, or 
directly over head of any given place on the Tropic, on the next day 4nd great 
he will be 26 degrees from it: and over whatever place he paſſes ver- Mawr 407 
tically on the Equator, one day's revolution will remove him 36+ de- | 
grees from it. So that the Sun changes his Declination every day in 
Venus about 14 degrees more at a'mean ſtate, than he does in a quar- 
ter of a year on our Earth. This appears to be providentially or- 
dered, for preventing the too great effects of the Sun's heat (which 
is twice as great on Venus as on the Earth) ſo that he cannot ſhine 
perpendicularly on the ſame places for two days together; and by 
that means, the heated places have time to cool. r 

35- If the inhabitants about the North Pole of Venus fix their T* ee 
South, or Meridian Line, through that part of the Heavens where — — 
the Sun comes to his greateſt Height, or North Declination, and call at ber Poles. 
' thoſe the Eaſt and Weſt points of their Horizon, which are go de- 

grees on each ſide from that point where the Horizon is cut by the 
Meridian Line, theſe inhabitants will have the following remark- 
ables. | 

The Sun will riſe 22+ degrees || north of the Eaſt, and going on 
112A degrees, as meaſured, on the plane of the & Horizon, he will 

crofi the Meridian at an altitude of 12+ degrees; then making an en- 
tire revolution without ſetting, he will croſs it again at an altitude of 
48+ degrees: at the next revolution he will croſs the Meridian as he 


® Leſſer circles parallel to the Equator, and as many degrees from it, towards 
the Poles, as the Axis of the Planet is inclined to it's Orbit when the Sun is ad- 
vanced ſo far north or ſouth of the Equator as to be directly over either Tropic, he 
goes no farther ; but returns towards the other. | | 

+ Leſſer circles round the Poles, as far from them as the Tropics are from the 
Equator. The Poles are the very north and ſouth points of the Planet. | 
A Degree is a 360th part of any Circle. 1 
The Limit of any inhabitant's view, where the Sky ſeems to touch the Planet 
all round him, | 555 | 

; 8 comes 
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Surpriſing ap- 


1 at 
er Polcs ; 


Of the Solar Syſtem. 


comes to his greateſt height and declination, at the altitude of 75 de- 


grees; being then only 15 degrees from the Zenith, or that point of 


the Heavens which is diretlyzover head: and thence he will deſcend ' 


in the like ſpiral manner; croſſing the Meridian firſt at the altitude 
of 48: degrees; next at the altitude of 12+ degrees; and going on 


thence 112+ degrees, he will ſet 22 degrees north of the Weſt; 


having been 4 revolutions above the Horizon: and then he deſcends 
below it to exhibit the like appearances at the South Pole. - 
36. At- each Pole, the Sun continues half a ,year without ſetting 


in ſummer, and as long without riſing in winter; conſequently the 


polar inhabitants of Venus have only one day and one night in the 


ear; as is at our Earth's Poles. But the difference between the 
— of ſummer and cold of winter, or of mid-day and mid- night, 


on Venus, is much greater than on the Earth: becauſe in Venus, as 


the Sun is for half a year together above the Horizon of each Pole 
in it's turn, ſo he is for a conſiderable part of that time near the 
Zenith; and during the other half of the year, always below the 
Horizon, and for a great part of that time, at leaſt 70 degrees from 
it. Whereas, at the Poles of our Earth, although the Sun is for 
half a year together above the Horizon, yet his Altitude is never 
more than 23+ degrees above it in ſummer, nor his Depreſſion 
greater than that quantity below it in winter. When the Sun is in 
the Equinoctial, or that Circle which divides the northern half of the 
Heavens from the ſouthern, he is ſeen with one half of his diſc above 
the Horizon of the North Pole; and the other half above the Hori- 
zon of the South Pole; ſo that his center is in the Horizon of both 


Poles: and then deſcending below the Horizon of one, he aſcends 


At her polar 
Circles; 


At her Tro- 
pics; 


gradually above that of the other. Hence, in a year, each Pole has 
one ſpring, one harveſt, a ſummer as long as them both, and a winter 
equal in length to the other three ſeaſons. 

36. At the Polar Circles of Venus, the ſeaſons are much the ſame 
as at the Equator, becauſe there are only 15 degrees betwixt them, 
$32; fave only that the winters are not quite fo long, nor the ſum- 
mers ſo ſhort: but the four feaſons come twice round every year. 


37. At Venus's Tropics, the Sun continues for about fifteen of our 


weeks together without ſetting in ſummer ; and as long without riſ- 
ing in winter, Whilſt he is more than 15 degrees from the Equator, 
he neither riſes to the inhabitants of the one Tropic, nor ſets to thoſe 
of the other: whereas, at our terreſtrial Tropics he riſes and ſets 
every day of the year. 


38. At 


Of the Solar Syſtem. -" 
38. At Venus's Tropics, the Seaſons are much the ſame as at her 


Poles; ſave only that the ſummers are a little longer, and the win- 


ters a little ſhorter. 9/8. | | | 15 51 
39. At her Equator, the days and nights are always of the fame At her Equa- 
length; and yet the diurnal and nocturnal Arches are very different, tor. | 
eſpecially when the Sun's declination is about the greateſt: for then, 


his meridian altitude may ſometimes be twice as great as his midnight 


' depreſſion; and at other times the reverſe. When the Sun is at hi 


reateſt Declination, his rays are as oblique at Venus's Equator, as 
they are at London on the ſhorteſt day of winter. Therefore, at 
her Equator, there are two winters, two ſummers, two ſprings and 
two autumns, every year. And becauſe the Sun ſtays for ſome time 
near the Tropics, and paſſes fo quickly over the Equator, every win- 
ter there will be almoſt twice as long as ſummer. Strange! that in 
9+ days, which are all that Venus's year contain, the four ſeaſons 
ſhould come twice round. But becauſe of the quick returns of 
ſummer, and the general heat on Venus, the Equatoreal winters are 
very mild; and fo, all places about the Equator will be very tem- 
perate, and fit for habitation. . 8 | 
40. Thoſe parts of Venus which lie between the Poles and 
Tropics, and between the Tropics and Polar Circles, and alſo be- 
tween the Polar Circles and Equator, will partake more or leſs of 
the Phenomena of theſe Circles, as they are more or leſs diſtant from 
them. ; | | 1 
41. From the quick change of the Sun's declination it happens, Great diffe- 
that when he riſes due eaſt on any day, he will not ſet due weſt on gute of the 
that day, as with us; for if the place where he riſes due eaſt be ON rude at rifing 
the Equator, he will ſet on that day almoſt weſt-north-weſt ; or about and ſetting, 
184 degrees north of the weſt. But if the place be in 45 degrees 
north latitude, on the day that the Sun riſes due eaſt, he will ſet 
north-weſt by weſt, or 33 degrees north of the weſt. And in 62 de- 
grees north latitude when he riſes in the eaſt, he ſets not in that re- 
volution ; but juſt touches the Horizon 10 degrees to the weſt of the 
north point; and aſcends therefrom, continuing for 3+ revolutions 
above the Horizon without” ſetting. Hence, no place has the forenoon 
and afternoon of the ſame day equally long, fave only at the Kquator 
and Poles. 9 
42. The Sun's altitude at noon or any other time of the day, and The longi- 
his amplitude at riſing and ſetting, being ſo different at places under may fend 
the ſame parallels of latitude, according to * different longitudes in Venus... 
of thoſe places, the longitude will be as eaſily found on Venus as the 
I latitude: 
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latitude: which is an advantage we can never enjoy on this Earth ; 

the daily change of the Sun's declination being much too ſmall for 

that purpoſe. _ 5 

Her Equi - 43. On Venus the places of the Equinoxes and Solſtices go back- 

dess d 90 ward, or from weſt to eaſt, go degrees every year. This is not oc- 

rely een caſioned. by any mutation of her Axis from it's paralleliſm, as on 
our Earth; becauſe her: diurnal motion is too flow to occaſion any 


ſenſible difference between her equatoreal and polar diameters * ; 


but becauſe the Sun is a quarter of a day later every year in croſſing 
her Equator than he was on the year before. And therefore, he 
eroſſes it in a place go degrees weſtward of the former every year. 


: So that at any place where the Sun croſſes the Equator at noon, he 


will be ten degrees from the Equator at noon on the fame day next 

ar; and will croſs it at fix in the evening. Hence, though the 
ſpiral in which the Sun's apparent motion is performed, be of the 
ſame ſort every year, yet it will not be the very fame ; becauſe the 


Sun will not paſs vertically over the fame places till four annual revo- 


lutions are finiſhed : as mentioned by Dr. DESAGuLIERS in his ſe- 
cond volume of Experimental Philoſophy. 
Every 1 44. We may ſuppoſe that the inhabitants of Venus will be careful 
Jnr Vanbe to add a day to ſome, particular part of every fourth year; which 
will keep the ſame ſeaſons to the fame days. For, as the great an- 
nual change of the Equinoxes and Solſtices ſhifts the ſeaſons a quarter 
of a day (almoſt equal to fix of our days) every year, they would be 
ſhifted through all the days of the year in 36 years. But by this 
intercalary day, every fourth year will be a Pn which will 
non the time to an even reckoning, and keep her Calendar always 
right. "Þe | | 
When ſhe will 1 5. Venus's Orbit is inclined 33 degrees to the Earth's; and croſſes 
A the jt in the 14th degree of Gemini and of Sagittarius; and therefore, 
when the Earth is about theſe points of the Ecliptic, at the time that 
Venus is in her inferior conjunction, ſhe will appear like a ſpot on the 
Sun, and afford a more certain method of finding the diſtances of all the 
Planets from the Sun than any other yet known. But theſe ap- 


* By the Earth's quick motion round it's Axis, the equatoreal parts ſwell out ſo, 
as to be farther from the center than the Poles are, becauſe the quicker motion about 
the Equator accumulates more matter to it, all round the Globe. The Sun and 
Moon by attracting this redundant matter more ſtrongly than they could do the 

- equatoreal parts if the Earth were perfectly round, bring the Equator ſooner under 
them in every revolution to it than on the former; which cauſes the equinoCtial 


points, and alſo the Axis of our Earth to ſhift backward .,, part of a degree every | 


year. 
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pearances happen very ſeldom; and will only be thrice viſible at PLATE I. 
Loxdon theſe three hundred years. The firſt time will be in the Fes 

year 1761, June the 6th, at 5 hours 55 minutes in the morning. The 7 
ſecond 1996, June the gth, at 2 hours 13 minutes in the afternoon. 

And the third A. D. 2004, June the 6th, at 7 hours 18 minutes in 

the forenoon. ſuch like Tranſits, ſhe ſhews the ſame ap- 

pearances to us regularly every eight years; her Conjunctions, Elon- 

gations, and Times of riſing and ſetting being very nearly the ſame, 


on the ſame days, as before. 


* 


46. Venus may have a Satellite or Moon, although it be undiſco- She may have | 
vered by us: which will not appear very wonderful, if we 'confider * Moon. 0 
how inconveniently we are ſituated for ſeeing it. For it's enlightened 
fide can never be fully turned towards us but When Venus is beyond 
the Sun; and then ſhe herſelf appears little bigger than an ordinary 
Star. When ſhe is between us and the Sun, her Full Moon has it's 
dark fide towards us; and then we can no more ſee it than we can 
ſee our own Moon at the time of Change. When Venus is at her 
greateſt Elongation, we can have but one half of the enlightened fide | * 
of her Full Moon towards us; and then it may be too far diſtant to 121 
be ſeen by us. But if ſhe has a Moon, it may certainly be ſeen 
with her upon the Sun, in the year 1761 : for even if it ſhould be m 
conjunction or oppoſition at that time, we can hardly imagine that it 
moves ſo ſlow as to be hid all the fix hours that Venus will appear on 
the Sun. n | 7-21 

47. The EARTH is the next Planet above Venus in the Syſtem. It The Earth. 
is 81 millions of miles from the Sun, and goes round him (as in the 
circle S) in 365 days 5 hours 49 minutes, from any Equinox or Sol- Fig. 1. 
ſtice to the ſame again; but from any fixt Star to the ſame again, as 
ſeen from the Sun, in 365 days 6 hours 9 minutes, the former being its diurnal 
the length of the Tropical year, and the latter the length of the Side. and annual 
real. It travels at the rate of 58 thouſand and 80 miles every hour, 
which motion, though 120 times ſwifter than that of a cannon ball, 
is little more than half the ſwiftneſs of Mercury's motion in his Or- 
bit. The Earth's circumference is 25,020 miles; and by turning 
round it's Axis every 24 hours from Weſt to Eaſt, it cauſes an appa- 

rent diurnal motion of all the heavenly Bodies from Eaſt to Wet. 
By this rapid motion of the Earth on it's Axis, the inhabitants about 
the Equator are carried 1042 miles every hour, whilſt thoſe on the 
paralle! of London are only carried about 580, beſides the 50,080 
miles abovementioned, which is common to all places by the annual 
Motion. | | 
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48: The Earth's Axis declines 234 degrees from the Axis of it's 


laclination of Orbit ;. and it's Axis keeps always the ſame oblique direction; inclin- 
irs x ing towards the ſame fixed Stars, throughout it's annual courſe ; 
which cauſes the returns of ſpring, ſummer, autumn, and winter ; 
as will be explained at large in the ſeventh Chapter. 
Aproofofit® 49. The Earth is round like a globe; as appears, 1. from it's ſha- 
cs 10 dow in Eclipſes of the Moon; which ſhadow is always bounded by 
a circular line, & 302. 2. From our ſeeing the maſts of a ſhip whilſt 
the hull is hid by the convexity of the water. 3. From it's having 
been failed round by many navigators. The hills take off no more 
in compariſon from the roundneſs of the Earth, than grains of duſt 
do from the roundneſs of a common globe. ng rents 
1, number © 50, The ſeas and*unknown parts of the Earth (by a meaſurement 
Niles of the beſt Maps) contain 160 million 522 thouſand and 26 ſquare 
miles; the inhabited parts 38 million 990 thouſand 569: Europe 
4 million 456 thouſand and 65; Ala 10 million 768 thouſand 823; 
Africa 9 million 654 thouſand 807; America 14 million 110 thou- 
ſand 874. In all, 199 million 5312 thouſand 595; which is the 
mber of ſquare miles on the whole ſurface on our Globe. 


IT of land mentions a very ingenious, and withal an eaſy method of finding 
nearly what proportion the land bears to the ſea; which is, to take 


the papers of A large terreſtrial globe, and after ſeparating the land 
from the ſea with a pair of ſciſſars, to weigh them carefully in ſcales. 
This ſuppoſes the globe to be exactly delineated, and the papers all 
of equal thickneſs. The Doctor made the experiment on the papers 
of Mr. Sentx's ſeventeen inch globe; and found the ſea papers to 
weigh 349 grains, and the land only 124: by which it appears that 
almoſt three fourth parts of the ſurface of our Earth between the 
Polar Circles are covered with water, and that little more than one 
fourth is dry land. The Doctor omitted weighing all within the Polar 
Circles; becauſe there is no certain meaſurement of the land there, 
ſo as to know what proportion it bears to the ſea. As there will be 
occaſion to ſpeak at large concerning the Earth in the following part 


of this Work, we ſhall fay nothing more about it at preſent ; ſave 


only, that 
The Moon, 52. The Moon is a Satellite, or Attendant to the Earth, moving 


round it from Change to Change in 29 days 12 hours and 44 mi- 


nutes; and going with it once round the Sun every year. The 
Moon's circumference is 6850 miles; and her diſtance from the 
Earth 240 thouſand. She goes round her Orbit in 27 days 7 hours 


G in the firſt volume of his Aſtronomy, pag. 168, 


43 mi- 


N 


N 
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* 43 minutes, moving about 2290 miles every hour; and turns round PLATE I. 
her Axis. exactly in the time that ſhe goes round the Earth, which 
is the reaſon of her keeping alwrays the ſame fide towards us, and 
that her night and day taken together is as long as our lunar month. 
53. The Moon is an opaque Globe like the Earth, and ſlines only 
by reflecting the light of the Sun: therefore whilſt that half of her 5 
which is towards the Sun is enlightened, the other half muſt be dark 
and inviſible. Hence, ſhe diſappears when ſhe comes between us Her Phaſe, 
and the Sun, becauſe her dark ſide is then toward us. When ſhe is 
gone a little way forward, we ſee a little of her enlightened ſide ; 
which ſtill increaſes to our view, as ſhe advances forward, until ſhe 
comes to be. oppoſite to the Sun; and thenqcher whole enlightened ſide 
is towards the Earth, and ſhe appears with a round, illumined Orb; 
which we call the Full Moon: her dark fide being then turned away 
from the Earth. From the Full ſhe decreaſes gradually tour ſight, 
as ſhe goes through the other half of her courſe; ſhewing us every 
day leſs and leſs of her enlightened fide, till her next change or con- 
junction with the Sun, when ſhe diſappears as before: n 
5.4. The continual changing of the Moon's, phaſes or ſhapes de- A proof that 
monſtrates that ſhe ſhines not by any light of her /n: for if ſhe bee N on 
did, being globular, we ſhould always ſee her with a round full-Orbiighe, © 
like the Sun. In the Scheme, her Orbit is repreſented by the little 
circle , upon the Earth's Onbit ; but it is drawn fiſty times too pig. 1. 
large in proportion to the Earth's; and yet is almoſt too ſmall to be 
ſeen in the Diagram. | x $5711 it ES 544 1 1JÞ{ 431] | \ 
55. The Moon has ſcarce any difference of ſeaſons, her Auris being One half of 
almoſt perpendicular to the Echptic. What is very ſingular, ane half —— 
of her has no darkneſs at all; the Earth conſtantly affording it a ſtrng 
light in the Sun's abſence; while the other half has a fortnight's dark- 
neſs and a fortnight's light by turns. f # 
A 56. To the Moon, our Earth is a Moon; waxing and waneing re- Our Earth is 
4 gularly, but appearing thirteen times bigger, and affording; her thir- ***-Moon- 
| teen times as much light, as ſhe does to us. When The changes to 
us, the Earth appears full to her; and when ſhe is in her firſt quar- 
ter to us, the Earth is in it's third quarter to her; and vice ve 
57. From one half of the Moon, the Earth is never ſaen at all: 
from the middle of the other half, it is always ſeen .over head; 
whirling round almoſt thirty times as quick as ſhe does. From the 
line which limits our view of the Moon, or all round what we call 
her edges, only one half of the Earth's fide next her is ſeen; the | | 
other half being hid below the Horizon. To her, the Earth ſeems X 
| D to 
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to be the biggeſt Body in the Univerſe; for it appears thirteen 
times as vg as ſhe does to us. | 
The Moon 59. If the Moon has any inhabitants, they live both without air 
has neither ſeq | | | 3nd ith he uſ. 
ait nor water. And water; and conſequently, ſo far as we can judge, without the uſe 
of ſpeech; for there can be no ſounds where there is no air. Becauſe 
we cannot live without air, it would be arguing very badly to ſay that 
no other creatures can; for we ſhould as ſoon die in water as without 
air: and therefore it is very likely, that we ſhould have been raſh 
enough to fay that no creatures could live in water, if we had not 
ocular demonſtration that they do, and are, in appearance, as happ 
without either ſpeaking or hearing, as their natures will admit of. 
We every day fee creatures live in air who would ſoon periſh in wa- 


die in air. It would therefore be impious to ſay that the Almighty 
cannot make creatures to live as well without air and water, as we 
do with both. ; 
560. That the Moon has no ſuch Atmoſphere, or body of air ſur- 
rounding her as we have, is plain: for if ſhe had, we could never 


a Down, as it were, about her, terminating in a gradual faint ſhade; 
, _ Which would make thoſe Stars dimmer to which ſhe approaches, when 

Proof of the they were ſeen through her Atmoſphere. But obſervation proves, 

Moon's hav- that the Stars which difappear behind the Moon retain their full luſtre 

ing no At- a b | 

moſphere ; until they ſeem to touch her very edge, and then vaniſh from our 
ſight in a moment. The faint light, which has been ſeen all around 
the Moon, in total Eclipſes of the Sun, has been obſerved, durin 
the time of total darkneſs, to have it's center coincident wit 
the center of the Sun; and is therefore much more likely to be the 
Atmoſphere of the Sun than of the Moon; for if it were the latter, 
it's center would have gone along with the Moon's *. 

Nor Seas. 61. If there were ſeas in the Moon, ſhe could have no rains nor 
ſtorms, as we have; - becauſe ſhe has no ſuch Atmoſphere to exhale 
and carry the vapours. And every one knows, that when the Moon 
is above our Horizon in the night time, ſhe is viſible, unleſs the 
clouds of our Atmoſphere hide her from our view; and all parts of 

her conſtantly appear with the ſame clear, ſerene, and calm aſpect. 

She is full of But thoſe dark parts of the Moon, which were formerly thought to 

* and be ſeas, are now found to be only vaſt deep cavities, and places 

ep pits. x | x 
which reflect not the Sun's light fo ſtrongly as others, having many 


* See Art. 332, in the Chapter of Eclipſes. 


6 | of caverns: 


A 


| bn 


ter; and others enjoy life very comfortably in water who would ſoon 


ſee her edge ſo well defined as we do; but there would be a fort of 
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caverns and pits whoſe: ſhadows fall within them, and are always dark 
on the ſides next the Sun; which demonſtrates their being hollow : 
and moſt of theſe pits have little'/knobs'*or hillocks ending within 
them, and caſting Profit alſo; which cauſes theſe places to appear 
darker than others that have fewer, or leſs remarkable caverns. All 
theſe appearances ſhew that there are no ſeas in the Moon; for if 
there were any, their ſurfaces would appear ſmooth and even, like 


thoſe on our Earth. 

62. There being no Atmoſphere about the Moon, the Heavens in The Stars al- 
the day time have the appearance of night to a Lunarian who turns , dhe Moon. 
his back towards the Sun; and the Stars appear as clear as in the night : 
time. For, it is entirely owing to our Atmoſphere that the Heavens, | 
are bright around us in the day *. 

63. As the Earth turns round it's Axis, the ſeveral continents, 

1 ſeas, and iſlands appear to the Moon's inhabitants like ſo many ſpots 
= of different forms and brightneſs, moving over it's ſurface ; but much 
9 fainter at ſome times than others, as our clouds go over them and 
leave them. By theſe ſpots the Lunarians can determine the time of The Earth a 
the Earth's diurnal motion, juſt as we do the motion of the Sun: and 3 . : 
perhaps they meaſure their time by the motion of the Fang s ſpots ; 
for they cannot have a truer dial. 
3 64. Although the Moon's Axis is ſo nearly perpendicular to the 
1 Ecliptic, that the Sun never removes ſenſibly from her Equator; nor 
can the obliquity of her Orbit occaſion any ſenſible declination of the 
7 Sun, becauſe the angle of it's  obliquity to the Ecliptic is almoſt no- 
2M thing as ſeen from the Sun; yet her inhabitants are not deſtitute of How the Lu- 
4 means for determining the length of their year, though their method kn the 
1 and ours muſt differ. For we can know the length of our year length of 
4 by the annual return of our Equinoxes ; but they, having always e ___ 
2 equal day and night, muſt have recourſe to another method ; and we 
may ſuppoſe, they meaſure their year by obſerving the Poles of our 
Earth ; as the one always begins to be enlightened, and the other 
diſappears, at our Equinoxes ; the Lunarians being conveniently ſitu- 
ated for obſerving great tracks of land about our Earth's Poles, which 
are entirely unknown to us. Hence we may conclude, that the year 


is of the ſame abſolute length both to the Earth and Moon, though 
very different as to the number of days: we having 365+ natural 


* See Art. 163. 

+ The Moon's Orbit croſſes the Ecliptic in two oppoſite. points called the Moon's 
Nodes, ſo that one half of her Orbit is above the Ecliptic, and the other half below 
it. The Angle of it's Obliquity is 55 degrees. 
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days, and they only 12 7% ; every day and night in the Moon being 


as long as 29 on the Earth. Ls | 

65. The Moon's inhabitants on the fide next the Earth may: as 
eaſily find the longitude as we can find the latitude. For the Earth 
roy ane or very nearly ſo, over one Meridian of the Moon, 
the caſt or weſt diſtances of places from that Meridian are as eaſily 
found, as we can find how far we are from the Equator by the Al- 


titude of our celeſtial Poles. Much more will be ſaid about the Moon, 


in ſome of the following Chapters. we 

66, The Planet Mars is next in order, being the firſt above the 
Earth's Orbit. His diſtance from the Sun is computed to be 123 
millions of miles; and by travelling at the rate of 46,762 miles every 
hour, as in the circle &, * goes round the Sun in 687 of our days and. 
17 hours; which is the length of his year, and contains 6674 of his 
days; every day and night together being 40 minutes longer than with 
us. His circumference is about 13 thouſand 290 miles; and by his 
diurnal rotation the inhabitants about his Equator are carried 556 
miles every hour. His quantity of light and heat is equal but to one 
half of ours; and the Sun appears but half as big to him as to us. 

07, This Planet being but a fourth part ſo big as the Earth, 
if any Moon attends it, ſhe muſt be very ſmall, and has not yet 
been diſcovered by our beſt teleſcopes. He is of a fiery red co- 
lour, and by his Appulſes to ſome of the fixed Stars, ſeems to be 


ſurrounded by a very groſs Atmoſphere. He appears ſometimes: gib-- 
bous, but never horned; which ſhews that his Orbit includes the 


Earth's within it, and that he ſhines not by his own light. _ 
68. To Mars, our Earth and Moon appear like two Moons, a 


bigger and a leſſer; changing places with one another, and appearing. 


ſometimes horned, ſometimes half, or three quarters illuminated, but 
never full; nor at moſt above a quarter of a degree from each other, 
although 240 thouſand miles aſunder. | 
69. To him, our Earth appears almoſt as big as Venus does to us, 
and is never ſeen above 48 degrees from the Sun; ſometimes it ap- 
pes to pals over the diſc of the Sun, and ſo do Mercury and Venus: 
ut Mercury can never.be ſeen from Mars by ſuch eyes as ours, un- 


aſſiſted! by proper inſtruments; and Venus will be as ſeldom ſeen as 


we ſee Mercury. Jupiter and Saturn are as viſible to him as to us. His 
Axis is perpendicular, and his Orbit 2 degrees inclined, to the Ecliptic. 
70. JuPITER, the biggeſt of all the Planets, is {till higher in the 
Syſtem, being about 424 millions of miles from the Sun: and going 
at the rate of 25,543 miles every hour in his Orbit, as in the 
+ . GIS 
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circle 1. fioiches- hig annual period in eleven of dur years 313 days pLATE I. 
15 hours. He is above 1000 times as big ag the Earth, for his cit- Fig. 1. 
cumferenee is 254 thouſand 470 miles z wich is more than 1 
times the circumference of the E arten 
71. He turns round his Axis in gchours 56 miniten', po 10 kibThe. number 
year contains 10 thouſand: 464. days; and the diurnal. velocity df isbn. 
equatorial parts is greater than the ſwiftneſs wherewith he moves _ 
his annual Orbit ; "which is a ſingular circumſtance, as fat ag we 
know. By this prodigious quick Rotation, his equateteal! thhablt- nnd $6 
ants are carried 25 — 920 miles every hour (which is 920 3 
miles more than the whole circumference of the Earth) beſides che 
25, 543 abovementioned, which is common to al L of his Kare 
face; by his antinal- motiom. 
72. Jupiter is ſurtounded bythin ſubſtances, | caliel Belts, in which His Belts and 
appear ſo many changes, that they are generally thought to be clouds: Pot. 
for ſome of them have been interrupted and broke, and then vanifh'- 
ed entirely. They have ſometimes been obſerved of different brenadths, 
and afterwards have all become nearly of the ſame breadth. Large 
ſpots have been ſeen in theſe Belts; and hem a Belt vnniſheb the con- 
tiguous ſpots diſappear/ with it - The broken ends of ſore Belts have” 
been generally obſerved to revolve in the ſame time with the ſpots; 
only thoſe nearer the Equator in ſomewhat leſs time than thoſe near 
the Poles; perhaps on account of the Sun's greater heat near the 
Equator; which is parallel to the Belts and courſe: of the ſpots; Se- 
veral large ſpots, wich appear rbund at one time, grow oblong by 
degrees, and then ſplit themſelves into two or three round ſpots. 
The periodical time of the ſpots near the Equator is 9 hours 50 min. 
but of thoſe near the Poles 9 hours 56 min. See Dr. SMITH's Optics, 
1004 & ſeq; my 
73. The Axis of Jupiter is ſo nearly perpendicular to his Orbit, He has ne 
that he has no ſenſible change of ſeaſons; which is a great advantage, pony oy 
and - wiſely ordered by the Author of Nature. For, if his Axis In- 
clined any conſiderable number of degrees, juſt ſo many: eng 
round each Pole would in their turn be almoſt ſix of our years together: 
in darkneſs. And, as each degree on a great Circle of upiter con- 
tains 706 of our miles at a mean rate, it is eaſy to judge what 
vaſt tracts of land would be rendered uninhabitable by tlie ineli- 
nation of his Axis; eſpecially, as none of his Moons are ſeen from 
his Polar regions, unleſs by refraction. | 
74. To him, the Sun appears but ↄñth part fo big as to us; and Bur has four 


bis light and heat'are in the fame proportion, but compenſated by n 
7 | the 
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the quick returns thereof, and byifour:Moons (ſome bigger and ſome 


” 


2 leſſer than our/Earth);which revolve about him: ſo that there is ſcares 


Theft periods 75. The Orbits of theſe Moons are repreſented in the Scheme of 


Parallax of 
their Orbite, 
and diſtances 
from Japiter, 


pears to his 
neareſt Moon. 


Two grand 
diſcoveries by and by theſe Eclipſes, Aſtronomers have not only diſcovered that 
light comes from the Sun to us in eight minutes ; but have alſo de- 
termined the longitudes of places on this Earth with greater certainty 
and facility than by any other method yet known; as ſhall be ex- x 
plained in the eighth Chapter. - 


the Eclipſes 
of Jupiter's 
Moons. 


tlie Sun conſtantly circulates in or near their Horizon, and is ve 


any part of this huge Planet but what is enlightened by one or more Z 
of them, except his Poles, where their light is not wanted, becauſe 1 


probably kept in-view of both Poles by the Refraction of his At- 3 
moſphere, Which, if it be like ours, has certainly refractive power 
enough for that purpoſe.” . | n * | 


round jupiter. the Solar Syſtem by four ſmall circles marked 1 2 3 4 on Jupiters 
Orbit T; but are drawn fifty times too large in proportion to it. The A 
firſt; or neareſt; Moon to Jupiter, goes round him in 1 day 18 1 
hours 36 minutes of our time; and is 229 thouſand miles diſtant from 'F 
his center: The ſecond. performs: it's revolution in 3 days 13 hours 14 
15 minutes, at 364 thouſand miles diſtance: The third in 7 days 9 
three hours 59 minutes, at the diſtance of 580 thouſand miles: And 1 
the fourth, or outermoſt, performs his period in 16 days 18 hours A 
zo minutes, at the diſtance of one million of miles from his center. A 

Their grand The Periods of theſe Moons are fo incommenſurate to one another, 1 

period. that if ever they were all in a right line between Jupiter and the Sun, 1 
it will require more than 3, ooo, ooo, ooo, ooo years to bring them 1 
all into the ſame right line again, as any one will find who reduces 3 


all their periods into ſeconds, then multiplies them into one ano- 9 
ther, and divides the product by 432; which is the higheſt number 9 
that will divide the product of all their periodical times, namely Y 


42,085,303,370,931,994,955,904 ſeconds, : without a -remainder. 1 | 
76. The Angles under which the Orbits of Jupiter's Moons are ſeen 1 
from the Earth, at its mean diſtance from Jupiter, are as follow: 9 


The firſt, 3 55”; the ſecond, 60 14”; the third, gf 58“; and the 4 
fourth, 17 300“. And their diſtances from Jupiter, meaſured by his BY 
ſemidiameters, are thus: The firſt, 5+; the ſecond, 9; the third, 3 
How he ap- 145%; and the fourth, 25:5 *. This Planet, ſeen from it's neareſt 3 
Moon, appears 1000 times as large as our Moon does to us; waxing 1 
and waneing in all her monthly ſhapes, every 42 hours. 


77. Jupiter's Moons are eclipſed in every Revolution round him: 4 


» Cass1n1 Elements d' Aſtronomie, Liv. ix. Chap. 3. _ 
78. The '8 
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78. The difference between the Equatoreal and Polar diameters of PLATE I. 
Jupiter is 6230 miles; for his equatoreal diameter is to his polar as The great 
13 to 12. 80 that his Poles are 3 71 5 miles nearer his center than his guter nt F. 
_ Equator is. This reſults from his quick motion round his Axis; for quatoreal and 
the fluids, together with the light particles, which they can carry or Polar diame- 
waſh away with them, recede from the Poles , which ate at reſt, to- cr. Joh 
wards the Equator where the motion is quickeſt, until there be a 
ſufficient number accumulated to make up the deficiency of gravi 
occaſioned by the centrifugal force, which always ariſes from + jc 
motion round an axis: and when the weight is made up! 85 
that all parts of the ſurface preſs equally: heavy toward the 1 
there is an equilibrium, and the equatoreal parts riſe no higher. Our 
Earth being but a very ſmall Planet, compared to Jupiter, and it's The diffe- 
motion on it's Axis being much flower, it is leſs flattened of courſe ; nog 2 4 
for the difference between it's a une Ne- diameters 1 is only Earth. 
as 230 to 229, or 35 miles. | | 
- Jupiter's Orbit is 1 degree 20 minutes inclined to che! Eclip- Place of his 
tic. His North Node is in the th degree of ene, and his South Nodes. 
Node in the 7th degree of Capricorn: v 
80. SATURN, the remoteſt of all the Planets, is about 777 nine of Saturn, 
miles from the Sun; and, travelling at the rate of 18 thouſand 910 
miles every hour, as in the circle marked h, performs his annual Fig. 1. 
circuit in 29 years 167 days 10 hours of our time; which makes 
only one year to that Planet. His circumference is 191 thouſand 700 
miles; and therefore he is 600 times as big as the Barth. 
B81. He is ſurrounded by a thin broad Ring, vchich appears double 
thro a good teleſcope, and is repreſented by the figure in ſuch an ob- Fig. 5 
lique view as it is generally ſeen. This Ring encompaſſes Saturn, as an His Ring,. 
horizon does a globe; it is inclined 30 degrees to the Ecliptic, and is 
about 21 thouſand miles in breadth; which is equal to it's diſtance 
from Saturn on all ſides. There is reaſon to believe that the Rin 
turns round it's Axis, becauſe,” when it is almoſt edge wiſe to us, it 
appears ſomewhat thicker on one fide of the Planet than on the other; 
and the thickeſt edge has been ſeen on different fſides at different 
times. But Saturn having no viſible ſpots on his body, whereby to 
determine the time of his turning round his Axis, the length of his 
days and nights, and the poſition of his Axis, are unknown to us. 
82. To Saturn the Sun appears only th part fo big as to us; oh 
and the light and heat he receives from the Sun are in the fame pro- 
portion to ours. But to compenſate for the ſmall quantity of ſun-light, His five 
he has five Moons, all going round him on the outſide of the Ring, "9%" 


L and 


Au f tbe Solar Shen. 

PLATE 1: and neanhtiin;theifame plane with at. The firſt, or neareſt Moon to 

HSatutn, goes round him in 1 day 21 ours 19 minutes; and is 
44 thouſand miles from his center: The ſecond, in 2 days 17 
1... hours;40 minutes; at the diſtance of 187 thouſand miles from him: 
b 24 YI he third, in 4 days 12 urs 2 5 minutes; at 263 thouſand miles 
diſtance: The fourth, inohg days 22 hours 41 minutes; at the diſ- 
tance f boo tchquſand miles: And the fifth, or outermoſt; at one 
million 8 o dhauſand miles from Saturn's center, goes round him in 
$9 days hours 48 minutes. Their Orbits in the Scheme of the 
Solar Syſtem are repreſented by the five ſmall circles, marked 1 2 3 
45, on, Baturn's Orbit; but theſe, like the Orbits of the other Satel- 
Ates, are drawn fifty times too large in proportion to the Orbits of 

hen ri l 225 | 

83. The Sun ſhines for almoſt fifteen. of our years together (which 

makes only half a year in Saturn) on one fide of his Ring without 

| ſetting, and as long on the other in it's turn. So that the Ring will 
be Miible to the inhabitants of the Planet for almoſt fifteen of our 
ears, and as long inviſible, by turns; if his Axis has no Inclination 
Nis Axis pro. to the Ring: but if the Axis of the Planet be inclined to the Ring, 
bably igel · ſuppoſe about 30 degrees, the Ring will appear and diſappear once 


ed to his 


Ring. 5 natural day to all the inhabitants within 30 degrees of the Equa- 


. 0 
_ 


a 


Fig. 1, 


pr, on both ſides, frequently eclipſing the Sun in a Saturnian day. 
Joreover," if Saturn's: Axis be ſo inclined to his Ring, it is per- 
 endicular /ito his Orbit; and thereby the inconvenience of dif- 
ferent ſeaſons to that Planet is avoided. For conſidering the length 
of his year, almoſt equal to thirty of ours, what a dreadful con- 
dition muſt the inhabitants of his Polar regions be in, if they be 
half of that time doprived of the light and heat of the Sun? which 
muſt not be their caſe alone, if the Axis of the Planet be perpendi- 
cular to the Ring, but alſo the Ring muſt hide the Sun from vaſt 
tracks of land on each ſide of the Equator for 13 or 14 of our years 
together, on the ſouth ſide, and north ſide, by turns, as the Axis 
inclines to or from the Sun: the reverſe of which inconvenience is 
another good preſumptive proof of the Inclination of Saturn's Axis 
to his Ring, and alfo of his Axis being perpendicular to his Orbit. 
How the King 84. Fhis Ring, ſeen from Saturn, appoars like a vaſt luminous Arch 
Saen ang to in che Heauens, as if it did not at all belong to the Planet. When. 
us. - we ſee the Ring moſt open, it's ſhadow upon the Planet is broadeſt; 
and from that time the ſhadow grows narrower, as the Ring appears 
to do to us; until, by Saturn's annual motion, the Sun comes to the 
plane of the Ring, or .eveg with its edge; which being then directed 
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towards us, becomes inviſible on account of it's thinneſs; as ſhall be In what Signs 


Saturn a 


explained more largely in the ſeventh Chapter, and- illuſtrated by Bart u Le 
figure. The Ring diſappears twice in every annual Revolution of Sa- his Ring; and 
turn, namely, when he is in the 19th degree of Piſces and of Virgo. in what Signs 
And when Saturn is in the middle between theſe points, or in 3 
19th degree of Gemini and of Sagittary, his Ring appears moſt open us. 
to us; and then it's longeſt diameter is to it's ſhorteſt as g to 4. 


85. To ſuch eyes as ours, unaſſiſted by inſtruments, Jupiter is theNo Planet yo 
t urn can 


only Planet that can be ſeen from Saturn; and Saturn the only Planet {..*- tO. 


that can be ſeen from Jupiter. So that the inhabitants of theſe two piter ; nor 
Planets muſt either ſee much farther than we do, or haye equally good *"y from Ju- 
inſtruments to carry their 33 to remote objects, if they know that 1 
there is ſuch a body as our Earth in the Univerſe: for the Earth is no 
bigger ſeen from Jupiter than his Moons are ſeen from the Earth; 
and if his large body had not firſt attracted our ſight, and prompted 
our curioſity to view him with the teleſcope, we ſhould never have 
known any thing of his Moons; unleſs by chance we had directed the 
teleſcope toward that ſmall part of the Heavens where they were at 
the time of obſervation. And the like is true of the Moons of Saturn. 

86. The Orbit of Saturn is 2+ degrees inclined to the Ecliptic, or Place of $a- 
Orbit of our Earth, and croſſes it in the 21ſt degree of Cancer and n' Nodes. 


Capricorn; ſo that his Nodes are only 14 degrees from Jupiter's, 
$ 79- | „ 


but 2th part, and to Saturn only --th part, of what we enjoy; may — = 


at firſt thought induce us to believe that theſe two Planets are entirely Jupiter and 
unfit for animal beings to dwell upon. But, that their light is not ſo Saturn than is 
weak as we imagine, is evident from their brightneſs in the night-].yeq. 
time; and alſo, that when the Sun is ſo much echpſed to us as 

to have only the 4oth part of his diſc left uncovered by the Moon, 


the decreaſe of light is not very ſenſible : and juſt at. the end of dark- 


neſs in Total Eclipſes, when his weſtern limb begins to be viſible, 
and ſeems no bigger than a bit of fine ſilver wire, every one is ſur- 
priſed at the brightneſs wherewith that ſmall part of him ſhines. 
The Moon when Full affords travellers light enough to keep them 
from miſtaking their way; and yet, according to Dr. SMITH /*, it is 
equal to no more than a go thouſandth part of the light of the Sun : 
that is, the Sun's light is 90 thouſand times as ſtrong as the light of 
the Moon when Full. Conſequently, the Sun gives a thouſand times 


* Optics, Art. 95: 
E 


87. The quantity of light, afforded by the Sun to Jupiter, being The Sun's 


generally be- 


# 
L 


* 
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as much light to Saturn as the Full Moon does to us; and above 
three thouſand times as much to Jupiter. So that theſe two Planets, 


even without any Moons, would be much more enlightened than we 
at firſt imagine; and by having ſo many, they. may be very com- 
fortable places of reſidence, Their heat, ſo far as it depends on the 


force of the Sun's rays, is certainly much leſs than ours; to which 


no doubt the bodies of the inhabitants are as well adapted as ours are 


to the ſeaſons we enjoy. And if we conſider, that Jupiter never has 


All our heat 
depends not 
on the Sun's 
148. 


It is highly 


probable that 


all the Pla- 
nets are in- 
habited. 


- 


any winter, even at his Poles ; which probably is alſo the caſe with 
Saturn, the cold cannot be fo intenſe on theſe twoPlanets as is generally 
imagined. Beſides, there may be ſomething in the nature or ſoil of them 
much warmer than that of our Earth : and we find that all our heat 
does not depend on the rays of the Sun; for if it did, we ſhould always 
have the ſame months equally hot or cold at their annual returns. But 
it is far otherwife, for + wars is ſometimes warmer than May; which 

muſt be owing to vapours and exhalations from the Earth. 
88. Every perſon who looks upon, and compares the Syſtems of 
Moons together, which belong to Frhthr and Saturn, muſt be amaz- 
ed at the vaſt magnitude of theſe two Planets, and the noble atten- 
dance they have in reſpect of this little Earth of ours, and can never 
bring himſelf to think, that an infinitely wiſe Creator ſhould diſpoſe 
of all his animals and vegetables here, leaving the other Planets bare, 
and deſtitute of rational creatures. To ſuppoſe that he had any view 
to us, in creating theſe Moons and giving them their motions 
round Jupiter and Saturn; to imagine that he intended theſe vaſt Bo- 
dies for any benefit or advantage to us, when he well knew that 
they could never be ſeen but by a few Aſtronomers peeping through 
teleſcopes; and that he gave the Planets regular returns of days and 
nights, and different ſeaſons to all where they are convenient; but 
of no manner of ſervice to us, fave only on our own Planet the 
Earth; to imagine, I ſay, that he did all this on our account, would 
be blaſphemouſly charging him with having done much in vain : and 
as abſurd, as to imagine that he has created a little Sun and a Pla- 
netary Syſtem within the ſhell of our Earth, and intended them for 
our uſe. ' Theſe conſiderations amount to little leſs than a poſitive 
proof that all the Planets are inhabited: for if they are not, why all 
this care in furniſhing them with ſo many Moons, to ſupply thoſe 
with light which are at the greater diſtances from the Sun? Do we 
not ſee; that the farther a Planet is from the Sun, the greater Appa- 
ratus it has for that purpoſe? fave only Mars, which being but a 
{mall Planet itſelf, may have Moons too ſmall to be ſeen by us. We 
| 2 know 
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know that the Farth goes round the Sun, and turns round it's own PLATE: 1. 
Axis, to produce the viciſſitudes of ſummer and winter, day and 
night, for the benefit of it's inhabitants. May we not then fairly 
conclude, by parity of reaſon, that the end and deſign of all che other 
Planets is the ſame? and is not this agreeable: to that beautiful har- 
mony which takes Jan, in the Univerſe? Surely it is; and raiſes in 
us the moſt magnificent ideas of the SUPREME BEING, who is 
every where, and at all times preſent; diſplaying his power, wiſdom, 
and goodneſs among all his creatures! and 1 e to 
various and innumerable ranks of beings! 89 5 
89. In Fig. 2d, we have a view of the proportibmali breadth of Fig II. 
the Sun's face or diſc, as ſeen from the different Planets-. Ne 1 res How the Sun 
preſents the Sun as ſeen from Mercury; Ne 2, the Sun as ſeen from {Fpcars tothe 
Venus; Ne 3, the Sun as ſeen from the Earth; Ne 4, the Sun a 9 42 
ſeen frond Mars; No 5, the Sun as ſeen from Jupiter; and on 6, = | 
Sun as ſeen from Saturn. J 
Let the circle B be the Sun as ſeen from any Planet, at a given Fig. III. 
diſtance; to another Planet, at double that diſtance, the Sun will 
appear juſt of half that breadth, as 4; which contains only one 
fourth part of the area or ſurface of B. P or, All circles, as well as 
ſquare ſurfaces, are to one another as the ſquares of their diameters. 
Thus, the ſquare A is juſt half as broad as the ſquare B; and 1 4 Fig. IV. 
it is plain to the eye, that B contains four times as much ſurface as 4 | 
Hence, in round numbers, the Sun appears ' ſeven times larger to 
Mercury than to us, go times larger to us than to Saturn, and 630 
times as large to Mercury as to Saturn. 
90. In Fig. 5th, we have a view of the bulks of the Planets i in Fig. v. 
proportion to one another, and to a ſuppoſed globe of two feet dia- 
meter for the Sun. The Earth is ſeven times as big as Mercury, proportional 
very little bigger than Venus, four times as big as Mars; but Jupiter dune he: 
is 1064 times as big as the Earth, Saturn 601 times as big, exclufive pjanets. 
of his Ring; and the Sun is 878 thouſand times as big as the Earth. 
If the Planets in this Figure were ſet at their due diſtances from a gun 
of two feet diameter, according to their proportional bulks as in our 
Syſtem, Mercury would be 28 yards from the Sun's center; Venus 51 
yards 1 foot; the Earth 70 yards 2 feet; Mars 107 yards 2 feet; 
Jupiter 370 yards 2 feet; and Saturn 760 yards 2 feet. The Comet 
of the year 1680, at it's greateſt diſtance, 10 thouſand 760 yards. In 
this proportion, the Moon's diſtance from the center of me Earth 


would only be 7+ inches. Jene; | 
=. : _ To 
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PLATE I. 91. To aſſiſt the imagination, in conceiving an idea of the vaſt 

An idea of diſtances of the Sun, Planets, and Stars; let us ſuppeſe, that a body 

_ = projected from the Sun ſhould continue to fly with the ſwiftneſs of a 

| cannon ball; i. e. 480 miles every hour; this body would reach to 

the Orbit of Mercury, in 7 years 221 days; of. Venus, in 14 years 

8 days; of the Earth, in 19 years 91 days; of Mars, in 29 years 

85 days; of Jupiter, in 100 years 280 days; of Saturn, in 184 years 

240 days; to the Comet of 1680, at it's greateſt diſtance from the 

Sun, in 2660 years; and to the neareſt fixed Stars in about 7 million 

600 thouſand years. | | 

92. As the Earth is not the center of the Planets Orbits, they 

come nearer to it and go farther from it and at different times; on 

Why the Pla- which account, their diſcs appear bigger and leſs by turns. Mercury 

beser nd appears 55 times as big at his leaſt diſtance as at his greateſt; Venus 

leſs at dif- 32 times as big; Mars 25 times; Jupiter a little more than twice as 

ferent times. big; and Saturn half as much bigger. But Mercury and Venus are 

never ſeen when they are neareſt the Earth, except when they paſs 

directly between it and the Sun; which is very ſeldom. Hence, the 

apparent bulks of Planets in the Heavens are not always a certain rule 

93. Under Fig. 3. are the names and characters of the twelve Signs 

of the Zodiac, which the Reader ſhould be perfectly well acquainted 

with; ſo as to know the characters without ſeeing the names. Every 

Fig. 1. Sign contains 30 degrees, as in the Circle bounding the Solar Syſtem ; 
to which the characters of the Signs are ſet, in their proper places. 

The Comets, 94. The CoMerTs are ſolid opaque bodies, with long tranſparent 

trains or tails, ifluing from that fide which is turned away from the 

Sun, They move bout the Sun, in very excentric elliptical Orbits ; 

and are a much greater 2 than the Earth; for ſome of 

them are heated in every Period to ſuch a degree, as would vitrify or 

diſhpate any ſubſtance known to us. Sir Is AAc NR w TON comput- 

ed the heat of the Comet which appeared in the year 1680, when 


Notwithſtanding the force of the Sun's rays at fo ſmall a diſtance as this Comet was 
from him in it's Perihelion; Qu. Was it long enough, even within the Orbit of Mer- 
cury, to be heated to it's center; ſince the effect of the Sun's rays in heating large bo- 
10 dies are far from being inſtantaneous ? If two iron globes, one of a foot diameter, and 
| the other about a quarter of an inch, be both put into a fire together, the large globe 
] will ſcarce be ſuperficially heated when the ſmall one is thoroughly red hot. It is 
it | computed that a ball of iron as big as. our Earth, if thoroughly red hot, would require 
1 | fiſty thouſand years to cool it. —— it does not appear that ſuch a ball could be 
+ Ffoon heated to the center. And the Comets are not much leſs than the Earth. 


being 


neareſt the Sun, to be * 2000 times hotter than red-hot iron, and that 


= 
PL 
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being thus heated, it muſt retain it's heat until it comes round again, PLATE 
although it's Period ſhould be more than twenty thouſand years; and | 
it is computed to be only 575. The method of calculating the heat =» 
of bodies, keeping at any known diſtance from the Sun, is exceed- + _. 
ingly. eaſy, and mathematically certain; as ſhall be explained in the 
fifth Chapter. | F | 
95. Part of the Paths of three Comets are ented in the Fig. r. 
Scheme of the Solar Syſtem, and the years marked in which they fs 
made their appearance. It is believed, that there are at leaſt 2 1 Co- They prove 
mets belonging to our Syſtem, - moving in all ſorts of directions: and mut = ow 
all thoſe which have been obſerved, have moved through the etherial plancts are 
Regions and Orbits of the Planets, without ſuffering the leaſt viſible not ſolid. 
reſiſtance in their motions ; which plainly proves that the Planets do 
not move in ſolid Orbs. Of all the Comets, only the Periods of the 
| abovementioned three are known, with any degree of certainty. The | 
firſt of theſe appeared in the years 1531, 1607, and 1682 ; and is 1he Periode | 
expected to appear again in the year 1758, and every 75th year after=0"y of three þ 
wards, The ſecond of them appeared in 1532 and 1661, and may 
be expected to return in 1789 and every 129th'year afterwards. The 
third, having laſt appeared in 1680, and it's Period being no leis than 
575 years, cannot return until the year 2225. This Comet, at it's great- 
eſt diſtance, is about 11 thouſand two hundred millions of miles from 5 
the Sun; and at it's leaſt diſtance from the Sun's center, which is 
490, ooo miles, is within leſs than a third part of the Sun's ſemidiameter 
from his ſurface. In that part of it's Orbit which is neareſt the Sun, it flies 5 
with the amazing ſwiftneſs of 880, ooo miles in an hour; and the Sun, 
as ſeen from it, appears an hundred degrees in breadth ; conſequently, 
40 thouſand times as large as he does to us. The aftoniſhing lengthThey prove 
| that this Comet runs out into empty Space, ſuggeſts to our minds an Sum to, 
idea of the vaſt diſtance between the Sun and the neareſt fixed Stars z4;nances, 
of whoſe Attractions all the Comets muſt keep clear, to return per 
riedically, and go round the Sun; and ſhews us, that the neareſt 
Stars, which are probably thoſe that ſeem the largeſt, are as big as our 
Sun, and of the ſame nature with him; otherwiſe, they would never 
appear ſo large and bright to us as they do at ſo great a diſtance. 
96. The extreme heat, the denſe atmoſphere, the groſs vapours, taferences 
the chaotic ſtate of the Comets, ſeem at firſt fight to indicate them9rawn from, | . 
+ altogether unfit for the purpoſes of animal life; and a moſt miſerable — * 
habitation for rational beings : and therefore, * ſome are of opinion TEX 
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Mr. WnisToON, in his Aſtronomical Principles of Religion. J 
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This Syſtem 
very ancient 
» and demon- 
ſtrable. 


Of the Solar Syſtem. 


that they are ſo many hells to puniſh the damned with perpetual vi- 

ciſſitudes of heat and cold. But, when we conſider, on the other 
hand, the infinite power and goodneſs of the Deity; the latter in- 
clining, and the former enabling him, to make creatures ſuited to all 
ſtates and circumſtances; that matter exiſts only for the ſake of intel- 
ligence; and that wherever we find it, we always find it pregnant 
with life, or neceſſarily ſubſervient thereto; the numberleſs ſpecies, 
the aſtoniſhing diverſity of animals in earth, air, water, and even on 
other animals; every blade of graſs, every tender leaf, every natural 
fluid, ſwarming with life; which, in ſome, as the ſalamander, fire 
itſelf does not ſoon extinguiſh; and cvery one enjoying ſuch gratifi- 
cations as their nature and ſtate require: when we reflect moreover 
that ſome centuries ago, till experience undeceived us, a great part 
of the Earth was judged uninhabitable; the Torrid Zone by reaſon 
of exceſſive heat, and the two Frigid Zones becauſe of their intolle- 
rable cold; it ſeems highly probable, that ſuch numerous and large 


maſſes of durable matter as the Comets are, the moſt conſiderable 


part of the Syſtem, however unlike they are to our Earth, are not 
deſtitute: of beings capable of contemplating with wonder, and ac- 
knowledging with gratitude the beauty, wiſdom, and ſymmetry of the 
Creation; which is more plainly to be obſerved in their extenſive Tour 
through the Heavens, than in our more confined Circuit. If farther 
conjecture is permitted, may we not ſuppoſe them inſtrumental in 
recruiting the expended fuel of the Sun; and ſupplying the ex- 
hauſted moiſture of the Planets ? However difficult it may be, cir- 
cumſtanced as we are, to find out their particular deſtination, this 
is an undoubted truth, that wherever the Deity exerts his power, 
there he alſo manifeſts his wiſdom and goodneſcs. 

97. Tun SYSTEM or THE WoRLD , ftw deſcribed, is not a late 
invention; but was known and taught by the wife Samian Py- 
THAGORAS, and others among the ancients: but in later times was 
loſt, till the 1 5th century, when it was again revived by the famous 
Polifh ohilopher NicoLavs CoPERN1CUs,' who was born at Thorn 
in the year 1473. In this, he was followed by the greateſt mathe- 
maticians and philoſophers that have fince lived; as KeeLER, Ga- 
LILEO, , DESCARTES, GAssENDUs, and Sir IsAac NRWTON; the 
laſt of whom has eſtabliſhed this Syſtem on ſuch an everlaſting foun- 
dation of mathematical and phyſical demonſtration, that none who 
underſtand him can heſitate about it, | ; 
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98. In the Ptolomean Syſtem the Earth was ſuppoſed to be fixed in The Piolo- 
the Center of the Univerſe; and that the Moon, Mercury, Venus, — 1 
the Sun, Mars, Jupiter, and Saturn moved round the Earth: e 
the Planets it placed the Firmament of Stars, and then the two 
Cryſtalline Spheres; all which were included in, and received moti- 
on, from the Primum Mobile, which conſtantly revolved about the 
Earth in 24 hours, from Eaſt to Weſt. 7 But as this rude Scheme was 
too much accommodated to Senſe to ſtand the teſt of. Art, philoſo- 
phers ſoon perceived it to be a medley. of the. groſſeſt errors and 
abſurdities, which they rejectipg (as fit only for the blind and zea- 
lous bigot) took rational methods in order to-purſue the grand diſ- 
covery. . ö BE» T4 2306 

$7 The Tychontc Syſtem ſucceeded the Prolomean, but was never ſo The Tycho- 
generally received. In this the Earth was ſuppoſed to ſtand ſtill in the none, _ 
Center of the Univerſe or Firmament of Stars, and the Sun to re- and partly 
volve about it every 24 hours; the Planets, Mercury, Venus, Mars, falſe. 
Jupiter, and Saturn, going round the Sun in the times already men- 
tioned, § 23, 27, 66, 70 and 80. But ſome of Tycno's diſciples 
ſuppoſed the Earth to have a diurnal motion round it's Axis, and the 
Sun with all the above Planets to go round the Earth in a year; theſe 
Planets moving round the Sun in the foreſaid times. This hypotheſis 
being partly true and partly falſe, was embraced by few; and ſoon 
gave way to the only true and rational Syſtem, reſtored by Core R- 

NICUs and demonſtrated by Sir IsAAc NRWTON. TR > 

100. To bring the foregoing particulars into one view, with ſe- 
veral others which follow, reſpecting the Periods, Diſtances, Bulks, 

Sc. of the Planets, the annexed Table is inſerted. + © +5, 
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The Truth of the Sol ax SysTEM "demonſtrated, and the 
Appearances reſulting from the Earth's motion deſcribed. 


101. LL matter is of itſelf unactive, and indifferent to motion or Preliminary 
. reſt. If it be once at reſt it can never put itſelf in motion; court. 
and if once in motion it can never ſtop of itſelf. A ſtone. lying on | 
any part of the Earth's ſurface can never remove itſelf to any other 
part; and a ball diſcharged from a cannon would go on for ever in a | 
ſtraight line if the air did not reſiſt it's motion, and gravity bring it 1 
down to the Earth. The reſiſtance that a ball meets with in the air | 
is greater than moſt people imagine: for it is evident from experi- | 
ments made with the air-pump, that the. preſſure of the air is equal | 
to 14 pounds weight on every. ſquare inch of all. terreſtrial bodies; 
and as every. ſquare inch of the foremoſt ſide of a cannon ball en- 
counters a reſiſtance of 14 pounds weight, the motion of the ball muſt 
be gradually leſſened by that reſiſtance, till gravity ſinks it to the Earth 
in ſpight of the impulſe. It is true, we feel no reſiſtance in walking 
when the air is ſtill and calm about us; and the reaſon is, becauſe we 
are equally preſſed on all ſides by it; as a diver, let him deſcend ever 
ſo deep, feels no weight of the water that is above him, becauſe it is 
counterbalanced by the water on all ſides and below him. But, if he 
comes out, and has as much of the ſame water put on his back as 
was over him when diving, he will not be able to ſupport the weight. 
So, if all the air, fave what is before us, were taken away, that which, 
remains would not only hinder us from going againſt it, but would beat 
us back by an irreſiſtible force. Now, the motion of a bullet being 
ſo quick as not to give time for the air to cloſe in behind it, leaves a 
vacuum there; and conſequently the bullet is reſiſted by a columy 
before it equal in thicknef to itſelf, If there were no air, and the 
bullet were projected from the cannon in an horizontal direction, and 
with a force equal to the power of gravity, or the Earth's attraction on . 
the bullet, it would then, if not hindered by interpoſing hills or other 
obſtacles, go round the Earth, and at it's return ſtrike againſt the 
breech of the cannon. | 


102. That there is ſuch a power as gravity in the Earth, drawing ere 
monſirable by 


all bodies on or near it's ſurface towards it's center, is evident from . falling of 


the deſcent of bodies in right lines-perpendicular to it's ſurface N let bodies: 
| | ot em 


The Solar Syſtem . © 


them be thrown directly upwards, from any part of the Earth what- 
ſoever. For what elſe could determine bodies, thrown upwards from 
oppoſite ſides of the Earth, to fall towards it's center, in directions 
quite oppoſite to one another: yg | L Ty 
0 103. All motion is we repnes, as is ſhewn by a ball ſtruck 
0 dy any power, and alf ven along a plane ſurface: for the ball 
continues it's motion in a ſtraight line, unleſs it has ſome biaſs in it- 
ſelf, or is drawn aſide by ſome other power. And, if a ball be put 
- into a fling and whirled about one's head, if the ſling breaks the ball 
flies off in a ſtraight line touching the circle it deſcribed before ; which 
plainly ſhews that curvilineal motion is not natural to it; but that 
one power is required to put the ball in rectilineal motion, and ano- 
WW ther to keep it in a circle. LS ä 
| By the Satel- 704. The Satellites of Jupiter and Saturn move round their pri- 
I lites, mary Planets ; which demonſtrates that there is ſuch a t as 
1 | gravity in thoſe Planets : and we find by obſervation that this power 
i is exactly in proportion to the quantity of matter, or folid contents, of 
the Planets ; without any regard to their quantity of ſurface. We 
likewiſe find that the Planets Mercury, Venus, Mars, Jupiter, and 
Saturn, all move round the Sun, not round the Farth ; which 
And primary proves ravity to be much ſtronger in the Sun than in the Earth: and 
Planer. it is well known that the Sun is not only much bigger than the Earth, 
but that he is 580 times bi than all the Planets taken together. 
| We fee the apparent bulk of the Sun, and it ſhall be fhewn in the 
i f ſixth Chapter that he is at leaſt 8 1 millions of miles from us: now, to 
4 288 N fo big as he does at that diſtance, a little Geometry will prove 
at he muſt be more than 800 thouſand times bigger than the Earth, 
whoſe bulk is tolerably well known. It is plain that the Earth's 
Orbit is fitnated between the Orbits of Venus and Mars; and there 
is no reaſon why we ſhould not believe, nay it is impoſſible to doubt 
it, that the Earth-is in the ſame manner affected and governed by the 
ſame attractive power which takes hold of theſe two Planets, keeps: 
them from flying off in ſtraight lines from their Orbits, and reaches 
indefinitely. far beyond them. To ſay it dbes not would be as abfurd' 
as to ſay that fix cannon bullets might be fired perpendicularly up to 
_ different heights. in the air, and that they ſhould all come down fave. 
one, which was neither the higheſt nor the loweſt; and that hat one 
S ſhould remain in the open air, and the Earth begin and continue to: 
move round about it. The Moon is well known to be almoſt fiſty 
times leſs than the Earth, and to revolve about it; becauſe the is 
more attracted by the Earth than the Earth can be by her: but, 
2: 2 that 


CCC ²˙ Saha 


proved to be true. a" 


that her attraction reaches to the Earth appears by her raiſing. the 
tides. 

105. The ſtronger circulatin is attracted by a central The weight 
had, Bb greater — on 3 impreſſed wt ae 
mer to keep it from falling upon the latter. The relative diſtances of of the Sun 
all the Planets from the Sun, and the times of their going round him, and Planets. 
are aſcertained by obſervation : and we find, by the times in which 
the Planets go —_— the Sun, and the Satellites round their primary 
Planets, that gravity throughout the whole Syſtem decreaſes” as the 
ſquares of hs 4 iſtatices of the revolving bodies increaſe.” That is, if 
one Planet be twice as far from the Sun, or one Satellite twice as far 
from it's primary Planet, as another, the remoteſt is attracted only 
by a fourth part of the force that acts on the neareſt ; if three times 

as far, only by a ninth part of the force; if four times as far, by a 
— part of the force; and fo on. By this we know how heavy 
any body would be upon the Sun, and thoſe Planets which have 
Moons going round them. A body weighs only one pound 
on the Earth would be half as heavy again on Saturn, twice as heavy 
on Jupiter, and 24 times as heavy on the Sun. Therefore any crea-\ 
ture, that might be ſuppoſed to live upon the Sun, and upon the dif- 
ferent Planets, at different times, would carry a body weighing 24 
pounds upon the Earth with the fame degree of ſtrength that — 
could carry a 24th part of that upon the Sun, or a 12th 
of it upon 5 [ne a 16th part of it upon Saturn. The gravities 
of bodies, or their reſpective weights, on the furfaces of Mercury, g 
Venus, and Mars, are unknown to us, becauſe we ſee no Moons 
WE about thoſe Planets by which we might eſtimate their den- 


106. There is no ſuch thing in nature as a t body 4. ſtrong fl. 
round a ſmall one. A pebble tied to a millſtone by a packthread at =". . 


ſome length, and ſtruck with a hammer in an horizontal direction, Earth's mo- 
croſswiſe to the packthread, will go round and round the millſtone, tion. 
without removing the ſtone from the place where it lies. Burt, 
as Mr. WIS ON ſays *, we may juſt as well expect that a ling,” con- 
taining a millſtone in it, may be faſtened to a pebble, and continue 
it's motion round that pebble without removing it, as that the Sun 
and Planets can revolve about the Earth,  whiſe the Earth keeps at 
_ reſt in the Center of the Syſtem. 
107. Again; let us ſuppoſe a firſt rate #5, at reſt on ſtill water, Another. 
to have one end of a rope tied to her and the other end to a ſmall 
* Aſtronomical W of ue Page 34 
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boat, and let a man, either in the ſhip or boat, pull the rope; it 
matters not at which end he pulls, for the rope will be equally 
ſtretched at both ends; and the ſhip and boat will undoubtedly be 
drawn towards one another, with this difference, that the boat will 
move as much faſter than the ſhip as the ſhip is heavier than the boat. 
Now while one man pulls the rope, endeavouring to bring the ſhip 
and boat together, let another in the boat endeavour to row her off 
ſidewiſe, or at right angles to the rope, with a force equal to that 
with which the other endeavours to haul her up to the ſhip ; and he 
will immediately find that inſtead of proceeding in a ſtraight line to 


the ſhip, the boat will go round and round her: and fo, putting it out 


of the other perſon's power to bring the ſhip and boat together, they 


will keep at the rope's length from each other; and the ſhip will be 


agitated by a ſmall motion round the middle or center of the place 
where ſhe lay at reſt before, & 19. Here the ſtrength employed to 
draw the ſhip and boat together , repreſents the mutual attraction of 
the Sun and Planets, by which the Planets would fall freely towards 
the Sun with a quick motion, and would alſo, in falling, attract the 
Sun towards them ; and the ſtrength employed to row off the boat 
repreſents the projectile force impreſſed on the planets at right angles, 
or nearly ſo, to the lines of the Sun's attraction, by which means the 
Planets move round the Sun, and are kept from falling to him: but 
by their moving round and mutually attracting him, he is agitated 
with a ſmall motion round the Center of the Syſtem. 

But, if a briſk gale ariſes, ſufficient to move the ſhip, and the ma- 
riners hoiſt up her fails to the wind, the man in the boat will be quite 
unable to keep it ſteady in it's, place ſo as to make the ſhip fail round 


him; for the ſhip will go before the wind, dragging the boat very eaſily 


after her, and would do the ſame with ſeveral ſmall boats faſtened to her 
in like manner. Juſt fo, if any power ſhould move the Sun out of his 
place, he would draw the Earth with all the other Planets after him ; 
and if all the Planets were united together in one, the maſs could not 
remain fixed in any part of Space to keep the Sun circulating in an 
Orbit round it: wats leſs can this little Earth remain fixed, and keep 
the Sun and Planets revolving about it. The preſent Lord Biſhop of 
Clogher hath very elegantly illuſtrated this matter, in his Vindication 
of the Hiſtories of the Old and New Teſtament, Part II. pag. 58; 
where he ſhews that it is impoſſible for a great body to move round 
a ſmall one, whilſt they mutually attract each other; for the weaker: 
power muſt {till yield to the ſtronger. 2 1 115 Vat 


1 +: 8 Fs | ro08. It 


* 


6 


proved to be tFite. | 37 


108. It is true that the Sun not only ſeems to change his viſible 
lace ſo as to go round the Earth every 24 hours, but that moreover 
je ſeems to make a Tour round the Starry Heavens every year. And, 
could we perceive the Stars in the day-time; we ſhould ſee them every The stars 
day gain upon the Sun 3 minutes 56 ſeconds, crotling the Meridian 0 ſeem to mavs 
much ſooner than 06 de before, which is a 36 5th part of an ap- the Sun; and 
parent Revolution: and by that means they appear to revolve about the why. 
Earth once in a year than the Sun does. By teleſcopes we can 
ſee the Stars in the day-time, and obſervations prove that they make 
366 apparent Revolutions in 365 days. Hence any given Star which 
paſſes over the Meridian at noon, ſuppoſe on the 2oth of June, will 
paſs over it at midnight on the 2oth of December. But we muſt own 
it to be highly improbable that theſe motions and changes of place 
can be owing to any real motion either of the Sun or Stars: for, con- 
ſidering the immenſe diſtances of the Stars, & 10, a motion that would 
carry hem round the Earth every 24 hours would be incomparably 
quicker than if all the water in our rivers, ſeas, and oceans, ſhould 
run through the hollow of a ſwan's quill in a minute. The Earth's 
Orbit, though 162 millions of miles in diameter, is no bigger than a 
Point when viewed from the fixed Stars; as is evident from their ap- 
parent places and magnitudes not being ſenſibly Fr by the Earth's 
coming 162 millions of miles nearer to ſome of them at one time - 
of the year than another. And yet the Earth, to go round the Sun 
but once a year, in this ſo. comparatively. ſmall an Orbit, muſt move 
at the rate of 58 thouſand and 80 miles every hour. But it is eaſy to 
compute that, if the Sun were to go round the Earth in 24 hours, he 
4 muſt travel at the rate of 21 millions 213 thouſand 720 miles every 
hour; which, though more than a cannon ball could do in 5 years, 
3 would yet be no more in proportion to the motion of the Stars than 
1 is to 10 thouſand 210. We have no ideas for ſuch incomprehen- 
ſibly ſwift motions ; which, were they real, could anſwer no other 
ends than what are gained by the Earth turning round it's Axis every 
24 hours from Weſt to Eaſt (cauſing thereby an apparent diurnal mo- 
2 tion of the Sun from Eaſt to Weſt), and it's going alſo round the:;Sun 
9 once a year, which cauſes him to have an apparent annual motion 
round the Starry Heavens, and the Stars to gain ſo much upon the 
Sun every day as to make 366 apparent Revolutions in 365 days: 
which we ſhall try to illüſtrate by the following ſimile .. 
109. Let us imagine prodigious large room, of a round form, 
all hung with pictures of men, women, birds; beaſts, and fiſhes; the 
floor covered with water deep enough to carry a boat with a . 
N ; | ittng” 
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fieting ſtill in it; and that there is a great taper burning in the midſt 
of the room, the flame being of equal height with the perſon's head 
A familiar from the water. If a diver under the boat, unknown to and unper- 
Celegia mo. Ceived. by this perſon, ſhould turn it gently and equably round and 
tions, round, as on an Axis, giving it at the fame time a ſlow progreſſive 
motion round the Taper, the fame way, but ſo as to turn it 365 times 
round it's Axis while it went once round the Taper, to the perſon in 
the boat the whole room and taper would ſeem to go round the con- 
trary way every time the boat turned round; the flame would appear 
to change it's place gradually among the pictures, ſo as to make a 
Tour round the room among them in every Revolution of the boat 
round the Taper. And in that time the obſerver would be turned ſo 
much ſooner towards any particular picture than to the taper, in each 
turning of the boat, that the whole room and pictures would ſeem to 
go once more round him than the taper did. The application is ob- 
_ vious, if we imagine the pictured room to repreſent the viſible Hea- 
vens ſet all round with Stars ranged in different Conſtellations, the 
taper the Sun, and the boat the Earth. = 1 
People in a 110. It is well known to all who have been at ſea, that let the ſhip fail 
ip of ner ever ſo faſt they feel not her progreſſive motion. If ſhe proceeds for- 


f 
N ward, to perſons looking out of the cabin windows all quieſcent objects 


uniform. in view ſeem to move; and if ſhe turns round, the objects appear to turn 


the contrary way. For, all parts of the ſhip being relatively at reſt, with 
reſpect to the Prager in it the whole appears to ſtand ſtill; and the 
failors having the ſhip's motion communicated to them can walk as well 
to and fro on the deck, and even play at tennis, as if they were on dry 
land. But if the ſhip ſtrikes againſt any obſtacle they, like all other 
matter, endeavouring naturally to keep the motion communicated to 
them find it difficult to avoid falling towards that obſtacle. 

111. The motion of the Earth is incomparably more ſmooth and 
uniform than that of a ſhip, or any other machine made and moved 
by human art; and therefore we fel it fo much the leſs. And being 
carried round with the Earth, in the order, Weſt, South, Eaſt, North, 

which are points only relative to ourſelves on this Earth, where we 
fix them and from thence refer them out in right lines to the Hea- 
vens, all the Celeſtial bodies ſeem to move the contrary way, or from 
Eaſt to Weſt. That the Stars do not move round the Earth is evi- 
dent by the following Article. 

112. Every body which gravitates to, and revolves about another 
body, muſt move in an Orbit whoſe Plane paſſes through the Center 
of that other body; becauſe gravity acts in right lines 9 the 
| | enter, 
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Center, & 102. Accordingly we find that the primary Planets are 
kept in the Ovbits by 42 which tend towards the center of the 
sun; that the Satellites of Jupiter and Saturn go round their Prima- 
ries in Orbits whoſe centers are coincident with the centers of theſe . * | 
Planets ; and that the Plane of the Moon's Orbit divides the Earth in | | | 
halves. Nor can it poſſibly be otherwiſe, any more than that a ſtone ' 
thrown upwards ſhould fal! down quite clear of the Earth and at a | 
diſtance from it. This entirely fubverts the common notion of the The en 
Stars going round the Earth; for none of them, fave'' thoſe in the che rarth im. 
E quinoctial, deſcribe Cireles round the Earth's center: all the reſt, poſlible. 
as they are more and more northerly or ſoutherly, even to the quieſ. 
cent Poles, deſcribe leſſer and leſſer Cireles, whoſe centers are in the 
Earth's Axis continued both ways to the very Poles of the Heavens. 
But beyond the Earth's ſurface it's Axis does not exiſt, or is really 
nothing; and as nothing has no properties, the Stars can never gra- 
vitate . rr We might as well, at leaſt, imagine the Center of . 
the Orbit deſcribed by the forementioned boat round the ſhip, F 10%, | 
to be in the air above the top of her main-maſt, or under her keel 
EL . noon ate 
113. If we could tranſſate ourſelves from Planet to Planet we 
ſhould ſtill find that all the Stars would appear of the ſame magni- | 
tudes, and at the ſame diſtances from each other, as they do to us ; | 
on Earth; becauſe the width of the remoteſt Planet's Orbit bears no | | 


* 


ſenſible proportion to the diſtance of the Stars. But then the whole The 14 
Heavens would. appear to revolve about very different Axes from z ig Alles. | 
what they do to us here; and conſequently thoſe quieſcent Points, rent Axes to 
which are our Poles in the Heavens, would ſeem to revolve about pla difvent 
other Points; which, though apparently in motion to us on Earth, ; 
would' be at reſt-to us if ſeen from any other Planet; Thus the Axis 
of Venus, which lies almoſt at right angles to the Axis of our Earth, 
would have it's motionleſs Poles in two oppoſite points of the Hea- | .Y 
vens lying almoſt in our Equinoctial; where the rnotion appears quick-- 
eſt of all to us, becauſe it is performed in the largeſt Cirele. And the 
very Poles, which are at reſt to us, have the quiekeſt motion of all 
as ſeen from Venus. To Mars and Jupiter, the Heavens appear to 
turn round one and the fame Axis, whoſe Poles are about 23+ de- 
grees from ours; but with very different velocities. Were we ini 
Jupiter we ſhould be amazed at the rapid motion of the Heavens, 
he Sun and Stars going round in ꝙ hours 56 minutes: Could we go 
| ſrom thence to Venus we ſhould: be as much ſurpriſod at the. flow-- 
neſs, of the Heavenly motions; the Sun going but once round ” 584. 
hours, 


4:0 


Tow long 
the year 
would be if 
the Sun re- 
volved about 


the Earth, 
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hours, and the Stars in 540 hours 12 minutes: And could we go 
from Venus to. the Moon we ſhould ſee the Heavens with a yet ſlower 
diurnal motion; the Sun going round not in leſs than 708 hours; the 
Stars in 654 hours 46 minutes. All which being ſo contradictory to 
one another cannot poſlibly exiſt in Nature: but theſe Appearances 
muſt ariſe from the real motions of the faid Planets, in times fo dif- 
ferent from one another, and upon Axes whoſe Poles point toward 
ſuch different parts of the Heavens. That thoſe Planets do really 
turn in this manner is evident by viewing them through teleſcopes, _ 
which diſcover ſpots adhering to their ſurfaces, appearing and diſap- 
pearing i 76 on oppoſite ſides of their diſks, the Moon only ex- 
cepted, whoſe ſpots vary their fituations but very little to our view *, 
becauſe ſhe turns round her Axis exactly in the time that ſhe goes 
round the Earth; and theſe Appearances not oflly demonſtrate the 
Revolving of the Planets round their Axes, but alſo ſhew the Po- 
ſitions or Inclinations of their Axes to their reſpective Orbits. | 
114. The Squares of the Periods of all the Planets round the Sun 
are to one 3 as the Cubes of their Mean diſtances from him. 
This proportion holds not only with reſpect to the primary Planets 
in going round the Sun, but alſo with regard to the Satellites going 
round their Primaries in each particular Syſtem, without the leaſt 
exception ; and demonſtrates that the Annual motion belongs to the 
Earth, not to, the Sun. For, as the Cube of 240 thouſand miles, 
the Moon's diſtance from the Earth, § 52, is to the Cube of 81 
millions of miles, the Earth's diſtance from the Sun, $ 47 ; that is, 
as 1 to 38 million 272 thouſand 753, ſo is the ſquare of the Moon's: 
eriod, which is 27 days 8 hours, to the ſquare of the Period of any 
Body moving round the Earth at the Sun's diſtance in days; or to, 
30 thouſand and 5 million 838 thouſand 352; whoſe ſquare root, 
or 173 thouſand 510, is the number of days that would be in a Solar 
year, if the Sun moved round the Earth. This number contains 365, 
the days in our year, no leſs than 475 times: ſo that, if the Sun 
moved round us, our year would be 475 times as long as it now 
is. This Calculation alone, according to Mr. WHISTON +, is ſuffi- 
cient to demonſtrate the Earth's motion round the Sun; according 
to which, the abovementioned Proportion of the Cubes of the Di- 
ſtances being as the Squares of the Periods, agrees to the utmoſt ex- 
actneſs of Aſtronomical obſervations. N. B. To ſquare a number is 


The Moon's ſpots librate a little to and fro becauſe her Orbit is elliptical : if it 
were circular they would never change their poſitions on the viſible part of her diſc. 


+ Aſtronomical Principles of Religion, pag. 36. 
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proved to. be true. 4¹ 
to multiply it by itſelf; and to cube a number, is firſt to multiply it Square 8 


| by itſelf, and then the product by the ſame number again- Thus, hit. numbers 


ꝙ is the ſquare of, the number 3, and 25 the cube of it. To extract 
the ſquare root of a number is to find a — which being ſquared, 
that is, multiplied . by / itſelf, produces that number. So, 3 is che 


(quare root of 9 ; as.4 is of 16. 5 df ,, Ge. x 


115. Dr. BRADLEY, our preſent Aſtronomer Royal, Thy found by The Parth's 
a long ſeries of the moſt accurate Obſervations that there is/a.dmall org = i 
apparent motion of the fixed Stars, no ways depending on the Earth's grated. © 
diurnal motion; but produced by a. cauſe ſo exactly anſwering and 


agreeable to an annual motion in the Earth, as evinces the ſame, even 


to a Mathematical demonſtration. Thoſe who are qualified to read 
the Doctor's modeſt account of,;this.great- Diſcovery. may conſult the 


Philoſophical Tranſactions, Ne 406. Or they may find it largely treated 
of by Drs. SMiTH “*, Loxe +, DESAGULIERS 1. RUTHERFURTH [> 
and M. DR LA Call 5. 

116. Becauſe we are on the Earth we cannot perceive its dine. 
nal motion; yet it is very certain that we are capable of know- 
ing, by one grand effect of ſuch a motion, whether the Earth | 
has it or not. For all Globes which have no diurnal motions round Ibe Earth's * 


diurnal moti- 


their Axes muſt, by the equality of the weight of bodies on their on demon. 


| ſurfaces, be perfect Spheres, eſpecially in the fluid parts which freely rated. 


communicate with one another. But all Globes which have a diurnal 

motion or rotation about their Axes (which being ſwifteſt/at the Equa- 

tor will cauſe the Parts to recede froprthe Axis of Motion chiefly near 

the Equator) will be oblate Spheroids ; or higher, 1 * farther from 

the Center in the equatoreal than in the polar R That our 

Earth is really of this figure is demonſtrable from the — vibra- 

tions of a pendulum, and the unequal lengthy of a degree, in diffe- 

rent latitudes. Since then the Earth is higher at the Equator than at 

the Poles, the ſea, which naturally runs downward, or towards he 

places which are leaſt diſtant from the Center, would run towards the 

Polar regions, and leave the Equatoreal parts dry, if the centrifugal 

force of the latter did not raiſe thoſe parts and cory the _ 

r § 43, u. 78. 

| As all bodies near the Poles, being nearer the Earth's gener, 

— alſo having a ſlower motion round it's Axis than thoſe which are | 
more remote, muſt gradually loſe. of their weight the further they _ 


* Optics, Book III. Art. 1178. 4 Afronomy, Book II. Art. 838 & fg. 
t Philoſophy, Vol. I. p. 40. mes ) 328. . ”F Elements I 
d' Aſtronomie, Art. 38 1. | et de „ 
G 1 carried 
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PLATE 11. carried towards the Eq 1 1 on account not only of their 
All bodies being removed farther the Earth's center, but alſo of their de- 
ae the ſeribing larger circles, and having quicker motions round the Earth's 
RET: Axis: it is plain that a pendulum which vibrates ſeconds near the 
Poles will gradually loſe of it's motion as it is carried towards the 
Equator ; and muſt have it's rod gradually ſhortened to make it keep 
time. This is confirmed by all the experiments which have been 
made-with 17 5 prpanys in different latitudes. By comparing the dif- 
ferent lengths of pendulums, ſwinging ſeconds at the Equator and at 
- London, it is found that a pendutum under the Equator muſt have 
it's rod 2 2% = lines ſhorter than under the Poles; a line being -< tl 
part of an inch. & VVV 
How theß 178. If the Earth were to turn round it's Axis in 84 minutes 43 
might loſe all ſeconds, the . force would be equal to the power of gravity 
ei wels at the Equator; ſo all bodies there would entirely loſe their 
weight. If the Earth revolved quicker, they would all fly off, and a 
great part of it would be reduced to atoms. | 
What keeps 119. We are kept to the Earth's ſurface on all ſides by the power 
Ew of it's central attraction; which laying hold of all bodies according to 
_ - , their denſities,” or quantities of matter, without regard to their bulks, 
conſtitates what we call their weight. And having the Sky over our 
heads, go where we will, and our feet towards the center of the 
Up and down Earth, Wwe call it % over our heads, and down under our feet: al- 
ET though the ſame right line, which is down to ws, if continued t' o 
and beyond the other ſide of the Earth, would be 2 to the inha- 
bitants oppoſite to us. For, 4 
Fig. I. The inhabitants, u, z, e, m, 5, o, 9, I, ſtand with their feet toward 
the Earth's center C; and have the fame fort of Sky N, I, E, M, 8, 
O, Q, L, over their heads. Therefore the point & is as directly 
5 upward to the inhabitant s on the South Pole as M is to the inhabitant 
n on the North Pole: fois Eto the inhabitant e, ſuppoſed to be on the 
north end of Peru; and Q to the oppoſite inhabitant g on the middle of 
Antipodes, the ifland Sumatra. Each of theſe inhabitants wonders how his oppoſite, 
t or Hui pode, can ſtand with his head hanging downwards; but, let 
either come to the other, and he will tell him that he then ſtood as 
upright and firm, on the place where he was, as he now ſtands where 
Axis of the he is. To all theſe the whole Heavens of Sun, Moon and Stars, 
World. ſeem to turn round the points N and &, as the Poles of the fixt Axis 
NM; becauſe the Earth does really turn round the mathematical line 
It's Poles, AC as round an Axis of which » is the North Pole and s the South 
big. 11, Pole. The inhabitant U affirms that he is on the uppermoſt fide of 
| 1 5 e 
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the Earth, and wonders how another at L can ſtand on the undermoſt PLATE 11. 
fide with his head hanging downwards. But U in the mean time Fig. 11. 
forgets that in twelve hours time he will be cartied half round with 
the Earth and then be in the very ſituation that L now is, although 

as far from him as before. Anon when he comes there, he will 

find no difference as to his manner of ſtanding ; only he will ſee the 

oppoſite half of the Heavens, and will imagine the Heavens to have 

gone half round. % eee 

120. When we ſee a globe hung up in a room we cannot help How our 
imagining it to have an upper and an under fide, and immediately ut might 
form a like idea of the 1; from whence we conclude, that it 1s — _ 


as impoſſible for perſons to ſtand on the under ſide of the Earth as for under fide. 
away d | 


% 


pebbles to lie on the under ſide of the globe, which inſtantly fall 
from it down to the ground; and well they may, becauſe the att: 
tion of the Earth being too great for the attraction of the globe pulls 
them away. Juſt ſo would be the caſe with our Earth, if it were 
placed near a Globe much bigger than itſelf, ſuch as Jupiter: for 
then it would really have an upper and an under ſide with reſpect to 
that large Globe; which, by it's Attraction, would pull away every 
thing from the ſide of the Earth next to it; and only thoſe on the 
top of the oppoſite or upper ſide could keep upon it, But there is 
no larger Globe near enough our Earth to overcome it's central at- 
. and therefore it has no ſuch thing as an upper and an under 
ſide: for all bodies on or near it's ſurface, even to the Moon, gra- 


vitate towards it's center. E INN 
121. Seeing the Earth and other Planets of our Syſtem gravitate Real up and 
towards the Sun, and would fall upon his ſurſace if not hindered by doun, what. 
their projectile forces, therefore to have an idea of real uh and down 
we muſt conceive that every way in a ſtraight line from the Sun's 
center is p, on all ſides of him; and that every way towards it 
is down ; the Sun's center being the loweſt point in our whole Sy- 
122. Let any man imagine that the Earth and every thing but 
himſelf is taken away, and he left alone in the midſt of indefinite 
Space, could he then have any ideas of up or down? Surely none; nor 
could he ſtir from that part of Space! Were his (pockets full of 
gold, he might take the pieces one by one, and throw them. away on 
all ſides of him, without any danger of lofing them; for the attrac- 
tion of his body would bring them all back by the ways.they went, 
and he would be down to every one of them. Then if a Sun, or any 
other large body, were created, and placed myriads of miles _ 
T DES: | him, 
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One half of 
the Heavens 
viſible to an 
inhabitant on 
any part of 
the Larth. 


Phenomena 
at the Poles, 


Ee 


The Phenomena of the Heavens as ſeen 


him, in any, part of Space whatſoever, he would be attracted towards 


it, and could not fave, himſelf. from falling donn to it. 

123. The Earth's bulk is but a point, as that at C, compared to 

the Heavens; and therefore every inhabitant upon it, let him be 

where he will, as at u, e, m, 5, &c. ſees one half of the Heavens. 

The inhabitant. , on the North Pole of the Earth, conſtantly ſees 

the Hemiſphere ENA; and having the North Pole N of: the Hea- 

vens juſt over his head, his * Horizon coincides with the Celeſtial 

Equator EC, Therefore all the Stars in the Northern Hemiſphere 
EMC, between the Equator and North Pole, appear to turn round 

the line NC, moving parallel to the Horizon. The Equatoreal Stars 

keep in the Horizon, and all thoſe in the Southern Hemiſphere ESQ, 
are inviſible. The like Phenomena are ſeen by an inhabitant s on the 

South Pole, with reſpe& to the Hemiſphere ES; and to him the 
oppoſite Hemiſphere is always, inviſible, Hence, under either Pole, 
only one half of the Stars can be ſeen; for thoſe which are once vi- 
ſible never ſet, and thoſe which are once inviſible never riſe. But 
the Ecliptic ICA, or Orbit which the Sun appears to deſcribe once 
a year by the Earth's annual motion, has the one half 7C conſtantly 
above the Horizon EC of the North Pole ; and the other half CA 
always below it. _ Therefore whilſt the Sun deſcribes the northern 
half W of the Ecliptic he neither ſets to the North Pole nor riſes to the 
South; and whilſt he deſcribes the other half CX he neither ſets to 
the South Pole nor riſes to the North. The ſame things are true with 
reſpect to the Moon; only with this difference, that as the Sun de- 
ſcribes the Ecliptic but once a year, he is for half that time viſible to 
each Pole in its turn, and as long inviſible; but as the Moon goes 
round the Ecliptic in 27 days 8 hours, ſhe is only viſible for 13 days 
16 hours, and as long inviſible, to each Pole by turns. All the Pla- 
nets. likewiſe riſe. and ſet to the Poles, becauſe their Orbits are cut 
obliquely in halves by the Horizon of the. Poles. When the Sun (in 
his apparent way from A) arrives at Che is juſt riſing to an obſerver at 
n on * North Pole, and ſetting to another at 5 on the South Pole, 
which is on the 2oth of March. From C he riſes higher and higher 
in every apparent Diurnal revolution till he comes to the higheſt point 
of the Ecliptic . on the 2 11t of June, when he is at his greateſt Al- 
titude, which is 23+ degrees, or the Arch Ey, equal to his greateſt 
Northern declination ; and from thence he ſeems to deſcend gradually 
in every apparent Circumyolution, till he ſets at C on the 23d of 
. ® The utmoſt limit of a perſon's view, where the Sky ſeems to touch the Earth all 


around, is called his Horizon; which ſhifts as he changes his place. 
| : Septem- 
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September; and then he goes to exhibit the Ike, Apprarandes at the PLATE It; 
a Pole for the other half of the year. Hence the Suns apparent 
motion round the Earth is not in parallel Circles, but in Spirals; ot 
ſuch as might be repreſented by a thread wound round a Globe from | , 


Tropic to Tropic; the Circumvolutions being at ſome diſtance from 
one another about the —_— but gradually nearer to each other as 
they approach nearer to the Tropics. *'+ 7 WS £316 (IDS e ee 
124. If the obſerver be any where on the Terreſtrial Equator eCy; Phenomena at 
as ſuppoſe at e, he is in the Plane of the Celeſtial Equator ; or in be Equator. 
other words, under the Equinoctial EC; and the Axis of the Earth 
nCs is coincident with the Plane of his Horizon, extended out to N Fig. I. 
and &, the North and South Poles of the Heavens. As the Eartn 
turns round the line NCS, the whole Heavens MOLF ſeem to turn 
round the ſame line, but the contrary way. It is plain that this ob- 
ſerver has the Pole conſtantly in his Horizon, which cuts the Diurnal 
paths of all the Celeſtial bodies perpendicularly and in halves. There- 
fore the Sun, Planets, and Stars riſe every day, and aſcend perpen- 
dicularly above the Horizon for ſix hours, and paſſing over the Me- 
ridian deſcend in the ſame manner for the ſix following hours; then 
ſet in the Horizon, and continue twelve hours below it. Conſequently 
at the Equator the days and nights are equally long throughout the 
ear. When the obſerver is in the ſituation e, he ſees the Hemi- 
ſphere SEN ; but in twelve hours after he is carried half round the 
Earth's Axis to 9, and then the Hemiſphere SN becomes viſible to 
him, and SEN diſappears, being hid by the Convexity of the Earth. 
Thus we find that to an obſerver at either of the Poles one Half of 
the Sky is always viſible, and the other half never ſeen; hut to an 
obſerver on the Equator the whole Sky is ſeen every 24 hours. 
The Figure here referred to, repreſents a Celeſtial globe of 
glaſs, having a Terreſtrial globe within it; after the manner of the 
glaſs ſphere invented by my generous friend Dr. Love, Lowndes's 
Profeſſor of Aſtronomy in Cambridge. Hy n 2 ag V1 ee 
125. If a Globe be held ſidewiſe to the eye, at ſome. diſtance and Remark. | 
ſo that neither of it's Poles can be ſeen, then the Equator EC, and / 
all Circles parallel to it, as DL, yzx, ab X, MO, &c. will appear to 138 
be ſtraight lines, as projected in this Figure; which is requiſite to be 
mentioned here, becaufe we ſhall have occaſion to call them Circles 
in th following Article ., N N n 1 1 enn ee 


a 


The Plane of a Circle, or a thin circular Plate being turned edgewiſe to the eye 
appears to be a ſtraight line, and is moſt truly repreſented by one: 


2. | 126. Let 
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tion. 


The Phenomena of the Heavens as ſeen 


126. Let us now ſuppoſe that-the obſerver has gone from the 
Equator. e towards the North Pole , and that he ſtops at 7 ; it is 


plain he then fees the Hemiſphere ME/NL ; his Horizon MCL hav- 


ing ſhifted: as far from the Celeſtial poles M and & as he has. tra- 
velled from under the Equinectial E. And it is likewiſe plain that, 
as the Heavens conſtantly ſeem to turn round the line M as an 
Axis, all thoſe Stars which are as far from the North Pole NM as the 
obſerver is from under the Equinoctial, namely the Stars north of the 
dotted parallel DL, never ſet below the Horizon; and thoſe which are 
ſouth of the dotted parallel MO never riſe above it. Hence, the 
former of ' theſe two parallel Circles, which are equidiſtant from both 
Poles, is called the Circle of | perpetual Apparition; and the latter the 
Circle of perpetual Occultation ; but all the Stars between theſe two 
Circles riſe and ſet every day. Let us imagine many Circles to be 
drawn between theſe two, and parallel to them; thoſe which are on 
the north ſide: of the Equinoctial will be unequally cut by the Ho- 
rizon MCL, having larger portions above the Horizon than below it; 
and the more ſo, as they are nearer to the Circle of perpetual Appa- 
rition; but the reverſe happens to thoſe on the fouth ſide of the E- 
quinoctial, whilſt one half of the Equinoctial is always above the Hori- 
zen and the other half below it. Hence, by the apparent turning of 
the Heavens, the northern Stars deſcribe greater Arcs or Portions of 
Circles above the Horizon than below it ; and the 2 as they 


are farther from the Equinoctial towards the Circle of perpetual Ap- 


parition ; whilſt the contrary happens to all Stars ſouth of the Equi- 
noctial: but thoſe upon it deſcribe equal Arcs both above and be- 
low the Hoxigon, and therefore they are juſt as long above as below it. 


127. An obſerver on the Equator has no Circle of perpetual Appariti- 

pn or Occultation, becauſe all the Stars, together with the Sun and Moon, 

* riſe and ſet to him every day. But, as a bare view of the Figure is ſuffi- 

cient to ſhe that theſe: two Circles DL and MO are juſt as far from the 


Poles N and & as the obſerver at i (or one oppoſite to him at o) is from 
the Equator EC it is plain, that if an obſerver begins to travel from 
the Equator towards cither Pole, his Circle of perpetual Apparition 
riſes from that Pole as from a Point, and his Circle of perpetual -Oc- 
cultation from the other. As the obſerver advances towards the nearer 


Pole, theſe. two Circles enlarge their diameters and approach toward 


one another until he comes to the Pole; and then they meet and co- 
incide in the Equator. On different ſides of the Equator, to obſer- 
vers at equal Kiftances from it, the Circle of perpetual Apparition to 
the one is the Circle of perpetual Occultation to the other. i 

2 | | 128. Be- 
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from different Parts ef the Earth. „ 
128. Becauſe the Stars never vary theit diſtances from the Equi- PLATE U. 


noctial, at leaſt not ſo much as to he ſenfible in an age, they never 
vary in the lengths of theft dintnaf and n6dturndl Ares to tie Mme 


places on the Earth. But as the Earth goeg found the Stin every yeat wir che 
in the Ecliptic, one half of Which is on the notth fide of te Equi St. of gs 
noctial and the other half on it's ſouth fide, the Sun appeats to change ſame parallels 
his place every day, ſo as to go once ronnd the Circle M every of motion, 
year, $108, 123. Therefore whilſt the Sum advances *northwatd;gigcren. - - 
from having deſcribed the Parallel 25 K, touching the Ecliptic in X,. 
the days continually lengthen and the nights ſhorten, until he comes 
to y, and deſcribes the Parallel 'yzx, when the days are at the longeſt 
and the nights at the ſhorteſt : for then, as the Sun goes no farther - 
northward, the greateſt portion that is poffible of the diurnal Arc yz 
is above the Horizon of the inhabitant ?; and the ſmalleſt portion 
zx below it. As the Sun declines ſouthward from y he deſcribes 
ſmaller diurnal and greater nocturnal Arches,” or Portions of Circles, 
every day; which cauſes the days to ſhorten and 7255 to lengthen, 
until he arrives again at the Parallel a2; which having only the 
ſmall portion ab above the Horizon MCL, and the greateſt portion 
& below it, the days are at the ſhorteſt and the nights at the longeſt ; 
becanſe the Sun tecedes no farther ſouth, but returns northward"as 
before. It is eafy to ſee that the Sun' muſt be in the Equinoctial 
ECY, twice every year, and then the days and nights are equally 
long; that is, 12 hours each. Theſe hints ſerve at preſent to pive 
an idea of ſome of the Appedrances reſtilting from the motions. 
of the Earth; which ſhall be more particularly deſcribed in the fe- el 
venth Chapter. ONION Oe OE 3 

To an obſerver at either Pole, the Sun and Stars ſeem to move Fig. 1. 
parallel to the Horizon, which is coincident with the Equinoctial; Parallel, Ob. 
and therefore, ſuch an obſerver is ſaid to Have à Parallel poſition of the nrg ge 
Sphere. To an obferver any where between the Poles and Equator, 4 9nd 8 
the Parallels deſcribed by the Sun and Stars are cut obliquely by the 
Horizon, and therefore he is ſaid to have an Oblique 2 — of the 
Sphere. To an obſerver any where on the Equator, the Parallels of 
Motion, deſcribed by the Sun and Stars, are cut perpendicularly, or 
at Right angles, by the Horizon; and therefore he is faid to have a 
Right * of the Sphere. And theſe three are all the different 
2 at the Sphere can appear to be poſited to all the people on 
Zarth. | us 

129. As to the common objections againſt the Earth's motion, they 
are all eaſily anſwered and ſet aſide. That it may move and not be 

| ſeen 


48 RO RG Objeftions . Anſwered. \ 


Objections ſeen or felt by us to do fo has been already ſh Wn, 8 110, 111. But 
againſt the (ome. imagine that if the Earth turns round — | a ball fired per- 
Earth's mo- i = T3 11 IUTTITTSY "9 # 44 3 2 
n ante. pendicularly, up, into the air muſt, fall conſiderably weſtwar of the 
a, place it Was projected from. This objection, which at firſt ſeems to 
be of ſome weight, will be found to have none at all when we con- 
ſider that the gun together with the ball partakes of the Earth's mo- 
tion; and therefore the ball, being carried forward in the air as quick 
as the Earth turns, muſt fall down again on the ſame place. A ſtone. 
let fall from the top of a main-maſt, if it meets with no obſtacle, 
falls on the deck of the ſhip, as near the foot of the maſt when the 
ſhip ſails, as when ſhe is at reſt. And if an inverted bottle full of 
liquor be hung up to the Jeet, of the cabin, and a ſmall hole; be. 
made in it's cork. to let the liquor drop through on the floor, the drops 
will fall juſt as far forward on the floor when the ſhip fails. as when, 
ſhe does not. And gnats or flies can as freely dance amongſt one 
another in a moving cabin as in a fixed chamber, x. | 
As to thoſe objections taken from Scripture expreſſions which ſeem 
to contradict the Earth's motion, this general anſwer may be made to 
them all; viz. it is plain from many inſtances that © Scriptures. 
were neyer intended to inſtruct us in Philoſophy and Aſtronomy, and 
therefore nothing in them is to be underſtood as ſtrictly or poſitively 
aſſerted in relation thereto; but only expreſſed according to the com- 
mon apprehenſions of mankind. We all know that the Moon ap- 
pears as big as the Sun, and enlightens us in the night-time - 
more than one half of every. month; for which reaſon Mosxs calls 
her A GREAT LIGHT, as well as the Sun, Gen. ch. i. ver. 26. Ne- 
vertheleſs it is known to every Tyro in Aſtronomy that the Sun is near 
4᷑ꝓ0 millions of times as big as the Moon; and that the Moon is ſo 
far from being a luminous body that ſhe ſhines upon us only by 
. © -- the reflected or borrowed light of the Sun. If Moss had known 
this and told the Mraelites ſo they would have ſtared at him, and 
cConſidered him rather as a madman than as a perſon commiſſioned 
by the Almighty to be their leader, „ | 
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The rügen Sem refuted. * "The e e P . ji 
of Mercury and Venus explained... "= 

IO 
296k! 4 homie Syſtem, 8 905 koing ſuffieientiy * the 
; — Article, we need ſay nothing more about it. 
131. The falſity and abſurdity of the Ptolomean- Syſtem, g 98, which 
aſſerts the Earth to be at reſt in the Center of the Univerſe, and all 
the Planets, with the Sun and Stars, to move round it, is evident. 
For, according to this hypotheſis, Mercury and Venus can never be 

hid behind the Sun, as their Orbits are included within the Sun's : 
and theſe two Planets ought always to move direct, and to be as often 
in Oppoſition to the Sun, as in Conjunction with him. But, the 
contrary of all this is true; for they are juſt as often behind the Sun 
as before him, appear as often to move backwards as forwards, and 

are ſo far from ever being ſeen in the ſide of the Heavens oppoſite to 

the Sun, that they were never ont a quarts: af a circle in the 457 


vens diſtant from him : eitel nt Anton d tat 
132. Theſe two Planets, hin Wiens wid a 800d Abet ths FROSTED 

pear in all the various ſhapes of the Moon; which is a plain proof 3 

that they ſhine not by any light of their own-:-+ for if they did, they 

would conſtantly appear round as the Sun does; and could never be 

ſeen like dark ſpots upon the Sun when they paſs directly between 

him and us. Their regular Phaſes demonſtrate them to be rhea 

bodies; as may be ſhewn in the following manner. 2 c 
Hang an ivory ball by a thread, and let one move it nad the flame Ether ep 

of a candle, at two or three yards diſtance from your eye: when the 1. 15 N 

ball is beyond the candle, ſo as to be almoſt hid by the flame, it's 0 

enlightened fide will be towards the eye, and appear round like the 

Full Moon: When the ball is between the eye and candle; it's en- 

lightened ſide will diſappear, like the Moon at the Change Wben it 

is half way between theſe two poſitions, it will appear half illuminat- 

ed, like the Moon in her Quarters: And every where, between theſe 

poſitions, it will appear more or leſs horned or gibbous. If this ex- 

periment be made with a circular plate which has a flat ſurface, you 

may make it appear fully enlightened, or not enlightened at all; but 


can never make it ſeem either horned or gibbous. 


H "3 260M 
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50 The Phenomena of Mercury and Venus 


PLATE Il. 133. If you remove about ſix or ſeven yards from the candle, and 

Experiment place yourſelf ſo, as it's flame may be juſt about the height of your 
to repreſent eye, and then deſire another perſon to move the ball e ten the 
of Mercary Candle as before, keeping it as near as he can of equal height with 
and Venus. the flame, the ball will appear to you not to move in a circle, but to 
vibrate backward and forward like a pendulum ; moving quickeſt 
when it is directly between you and the candle, and when behind it; 
and gradually flower as it goes farther to the right or left fide of 
the flame, -until it appears at the greateſt diſtance therefrom ; and 
then, though it continues to move with the ſame velocity, it will 
ſeem to ſtand ſtill for a moment. In every Revolution it will 
ſhew all the above Phaſes, F 132; and if two balls, a leſſer and a 
bigger, be moved in this manner round the candle, the leffer ball be- 
ing kept neareſt the flame, and carried round almoſt four times as 

often as the bigger, you will have a tolerable good repreſentation of 
the apparent Motions of Mercury and Venus; efpecially, if the bigger 
ball deſcribes a circle almoſt twice as large in diameter as the circle de- 
ſcribed by the leſſer. Fax IE | 26 
Fig, II. 134. Let ABCDE be a part or ſegment of the viſible Heavens, in 
which the Sun, Moon, Planets, and Stars appear to move, at the 

ſame diſtance from the Earth E. For there are certain limits, beyond 

which the eye is no judge of different diſtances ;' which is plain from 

the Moon's appearing to be as far from us as the Sun and Stars are. 

Let the circle fgh:#/mno be the Orbit in which Mercury m moves 

round the Sun S; according to the order of_theſe letters. When 

Mercury is at /, he difappears to the Earth at E, becauſe his enlight- 

ened ſide is turned from it, unleſs he be then in one of his Nodes, 

The elonge- & 21, 20; in which cafe, he will appear like a dark ſpot upon the 

tions or oi» Sun. When he is at g in his Orbit, he appears at B in the Heavens, 
5 from weſtward of the Sun S, which appears at C: when at h, he appears 
the Sun. at A, at his greateſt weſtern elongation or diſtance from the Sun; 

and then ſeems to ſtand ſtill. But, as he moves from 4, to 2, he 

appears to go from A to B; and ſeems to be in the ſame place when: 

at 7'as when he was at g: at * he is hid by the Sun from the Earth 

at E; being then in his ſuperior Conjunction. In going from & to , 

he appears to move from C to D; and when he is at », he appears 

ſtationary at E; being ſeen as far eaſt from the Sun as he was weſt 

from him at A. In going from 1 to o in his Orbit, he ſeems to go 

back again in the Heavens, from E to D; appearing in the ſame 

place (with reſpect to the Sun) at o as he did when at /; but of a 

larger diameter at o, becauſe he is then nearer the Earth E: 3 

i when 


as ſcen from the Earth. wr 


when he comes to /, he again paſſes by the Sun, and diſappears, asPLATE Il. 
before. Whilſt he goes from #2 to h in his Orbit, he ſeems to go 
backward in the Heavens, from E to A; and whilſt he moves from 

h to , he ſeems to go forward from A to E. As he goes on from 


, at g a little of his enlightened fide is ſeen from E; at h he appears 


half full, becauſe half of his enlightened ſide is ſeen ; at 1, gib- 
bous, or more than half full; and at & he would appear quite fall 
were he not hid from E by the Sun S. At I, he appears gibbous again; 
at n half decreaſed, at o horned, and at f new, like the Moon at her 
Change. He goes ſooner from his eaſtern ftation at u to his weſtern 
ſtation at Y, than from + to n again; becauſe he goes through leſs 
than half his Orbit in the former caſe, and more in the latter. | | 

135. In the ſame Figure, let FGHIKL MN be the Orbit in which Fig. III. 
Venus v moves round the Sun 8, according to the order of the 
letters: and let E be the Earth as before. When Venus is at F, The Elonga- 
ſhe is in her inferior Conjunction; and difappears like the New pp, or 
Moon, becauſe her dark fide is toward the Earth. At G ſhe is half Venus. 
light half dark to the Earth; appearing like the Moon in her firſt 
quarter: at h, ſhe appears gibbous ; at J, almoſt full; her enlight- 
ened fide being then nearly towards the Earth: at K, ſhe would ap- 
pear quite full to the Earth E; but is hid from it by the Sun S: at L, 
the appears upon the decreaſe, or gibbous ; at M. more ſo ; at N, only 
half enlightened ; and at F ſhe diſappears again. In moving from 
N to G, the ſeems to go backward in the Heavens; and from G to 
N, forward: but, as ſhe deſcribes a much greater portion of her The greateft 
Orbit in going from & to N than from N to &, ſhe appears much Fongarions 
longer direct than retrograde in her motion. At N and G, the appears and at 
ſtationary ; as Mercury does at » and h. Mercury, when ee 
ſeems to be only 28 degrees from the Sun; and Venus, when ſo, 
47; which is a demonſtration, that Mercury's Orbit is included with- 
in Venus's, and Venus's within the Earth's.” _ | 

136. Venus, from her ſuperior, Conjunction at K to her inferior Morning and 
Conſunction at P is ſeen on the eaſt ſide of the Sun S from the Earth hes Str, 
E; and therefore ſhe ſhines in the Evening after the Sun ſets, and is 
called the Evening Star for, the Sun being then to the weſtward of 
Venus, muſt ſet firſt. From her inferior to her ſuperior Conjunction, 
ſhe appears on the weſt fide of the Sun; and therefore riſes before 
him, for which reaſon ſhe is called the Morning Star. When ſhe 
is about N or &, ſhe ſhines ſo bright, that bodies caſt ſhadows in 
the night-time. Oe TY | hone 


[ 
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. ol The Phenomena of the Planets 


PLATE II. 137. If the Earth kept always at E, it is evident that the Stationary 
| )laces of Mercury and Venus would always be in the ſame points of the 
eee where they were before. For Example; whilſt Mercury 
roes from þ to n, according to the order of letters, he appears to de- 
ende the arch ABC DE in the Heavens, direct: and nit he goes 
The Planets from 7 to h, he ſeems to deſcribe the ſame arch back again, from 
. E to A, retrograde : always when at 1 and h, he appears ſtationary 
ble. at the fame points E and A as before. But Mercury goes round his 
Orbit, from / to F again, in 88 days; and yet, there are 116 days 
from any one of his Conjunctions, or apparent Stations, to the ſame 
again: and the places of theſe Conjunctions and Stations are found to 
be about 114 degrees eaſtward from the points of the Heavens where 
they were laſt before; which proves, that the Earth has not kept all. 
this while at E, but that it has had a progreſſive motion in it's Orbit 
from E to r. Venus alſo differs every time in the places of her 
Conjunctions and Stations; but much more than Mercury, . becauſe; . 
as ſhe deſcribes a much larger. Orbit than he does, . the Earth ad- 
vances ſo much the farther in it's annual path before ſhe comes round 
ain, | | 


The Flongzz 138. As Mercury and Venus, ſeen from the Earth, have their re- 


aK. ay ſpective Elongations from the Sun, and Stationary places; ſo has the 
ferior Planets 2 ſeen 2 0 Mars; and Mars, ſeen from Jupiter; and Jupiter, 
a; (een from ſeen from Saturn. That is, to every ſuperior Planet, all the inferior 
; ones have their Stations and Elongations ; as Venus and Mercury 
have to the Earth. As ſeen from Saturn, Mercury never goes above 

2 degrees from the Sun; Venus 4; the Earth 6; Mars 92 and 

Jupiter 33£ :., ſo, that Mercury, as ſeen from the Earth, has almoſt 

as great a Digreſſion or Elongation. from the Sun, as. Jupiter ſeen 


from Saturn. N 


A proofofthe 139. Becauſe the Earth's Orbit is included within the Orbits of 


ee Mars, Jupiter, and Saturn, they are ſeen on all ſides of the Heavens; 
and are as often in. Oppoſition to the Sun as in Conjunction with him. 
If the Earth ſtood. ſtill, they would always appear direct in their mo- 


tions, never retrograde nor ſtationary. But they ſeem to go juſt as 
often backward as forward; which affords a ſufficient proof of the 


Earth's annual motion... Hay | | | 

140. As Venus and the Earth, are ſuperior Planets, to Mercury, 

they ſhew much the-ſame Appearances to him that Mars and Jupiter- 
Fig. tt, do to us, Let Mercury n be at 7, Venus v at F, and the Earth at 


E; in which ſituation Venus hides the Earth from Mercury :. but, 


being in oppoſition to the Sun, ſhe ſhines on Mecury with a full il- 
5 ; lumined 
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as ſeen from one | another. _ 


lumined Orb; though, with reſpect to the Earth, ſhe is in con- PLATE II. 
junction with the Sun and inviſible. When Mercury is at %, and General Phe- 
Venus at G, her enlightened fide being not directly towards him, nia 2 
ſhe appears a little gibbous; as Mars does in à like ſituation to Se, © 
us: but, when ſhe, is at I, her enlightened ſide is ſo much to ferior. 
wards him at f, that ſhe differs but very little from a round figure. 

At K, Venus diſappears. to Mercury at n, being then hid by the Sun; 

as all our ſuperior Planets are to us, when in conjunction with the 

Sun. When Venus has, as it were, emerged out of the dun beams, 

as at L, ſhe appears almoſt full to Mercury at F. at M and N. a 

little gibbous; quite full at F, and largeſt of all; being then in op- 

poſition: to the Sun, and conſequently, neareſt to Mercury at y; ſhin- 

ing ſtrongly on him in the night, becauſe ſhe is then ſomewhat 

more than five times as near him as ſhe is to the Earth, when ſhe 

appears roundeſt to it between I and &, or between & and L, as ſeen. 

from the Earth E. Conſequently, when Venus is oppoſite to the Sun as 

ſeen from Mercury, ſhe appears more than 25 times as large to him 

as ſhe does to us when at the fulleſt. We have almoſt a ſimilar caſe 

with reſpect to Mars, when he is oppoſite to the Sun; becauſe he is 

then ſo near the Earth, and has his whole enlightened; fide towards 

it. But, becauſe the Orbits of Jupiter and. Saturn are very large in 
compariſon of our Earth's, theſe two Planets appear. much leſs mag- ; 
nified at their Oppoſitions or diminiſhed at their Conjunction than j 
Mars does, in proportion to their mean apparent Magnitudes. See 


C HAP. IV. 


The pbyſical Cauſes of the Planets Motions. The Excentri- 
cities of their Orbits. The Times in ubich the Action of 
Gravity would bring them to the Sun. 'ARCHIMEDES'S 

ideal Problem for moving the Earth. The World not 


eternal. 


141. FROM the uniform projectile motion of bodies in-ſtraight Gravitation 


. - l d p . "39 
lines, and the univerſal power of attraction, ariſes the cur- on — 


vilineal motions of all the Heavenly bodies. If the body A be pro- rig. Iv. 
I. jected. | 2 
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| PLATE H. jected along the right line ABX, in open Space where it meets with 


Circular Or- 
bits. 


Fig. IV. 


Elliptical Or- 
bits, 


no reſiſtance, & 101, 102, 103, nor is drawn aſide by w other 
power, it will for ever go on with the fame velocity, and in the fame 


direction. For, the force which moves it from A to B in any given 


time, will carry it from B to X in as much more time ; and ſo on, 
there being nothing to obſtruct or alter it's motion. But if, when 
this projectile force has carried it, ſuppoſe to B, the body & begins 
to attract it, with a power equal and perpendicular to it's motion at 
B, it will then be drawn from the ſtraight line ABX and forced to re- 
volve about &, in the circle BYTU. When the body A comes to U, 
or any other part of it's circular Orbit; if the ſmall body 2, within 
the ſphere of U's attraction, be projected as in the right line Z, with 
a force equal and perpendicular to the attraction of U, then 2 will 

round U in the circular Orbit V, and accompany it in it's whole 
courſe round the body S. Here, & may repreſent the Sun, U the 
Earth, and , the Moon. 

142. If a Planet at B gravitates, or is attracted toward the Sun, 
ſo as to fall from B to y in the time that the projectile force would 
have carried it from B to X; by the action of both forces together 


it will deſcribe the curve BY, in the ſame time that the projectile 
force ſingly would have carried it from B to X, or the gravitating 


power cauſed it to deſcend from B to y; and theſe two forces being 
equal, and perpendicular to one another, the Planet will move in the 
circle B | | | $2} wrong 

143. But if, whilſt the projectile force carries the Planet from B to 
b, the Sun's attraction (which conſtitutes the Planet's gravitation) 
ſhould bring it down from B to 1, the gravitating power would then 
be too ſtrong for the projectile force; and would cauſe the Planet to 
move in the curve BC. When the Planet comes to C, the gravitating 
power (which always increaſes as the ſquare of the diſtance from the 
Sun & diminiſhes) will be yet ſtronger for the projectile force; and 
by confpiring in ſome degree therewith, will accelerate the Planet's 
motion all the way from C to K; cauſing it to deſcribe the arcs BC, 
CD, DE, EF, &c. all in equal times. Having it's motion thus ac- 
celerated, it gains ſo much centrifugal force, or tendency to fly off, 


at K, in the line M, as overcomes the Sun's attraction : and the 


centrifugal force being too great to allow the Planet to be brought 
nearer the Sun, or even to keep moving round him in the circle 
Kimn &Cc. it goes off, and aſcends in the curve KLMMN &c. it's mo- 
tion decreaſing as gradually from & to B, as it increaſed from B to K; 
becauſe the Sun's attraction acts now againſt the Planet's projectile 
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motion, as much as it ated with it before. When the Planet has pLATE II. 
got round to B, it's projectile force is as much diminiſhed from it's 
mean ſtate about G or NM, as it was augmented at K; and fo, the 
Sun's attraction being more than ſufficient to keep the Planet from 
going off at B, it deſcribes the ſame Orbit over again, by virtue of 
the ſame forces or lauvs. 1 36 | Th re wee 
144. A double projectile force will always balance a quadruple 
power of gravity. Let the Planet at B have twice as great an impulſe 
from thence towards X, as it had before: that is, in the ſame length of 
time that it was projected from ; to 6, as in the laſt Example, let it now _ 
be projected from B to c; and it will require four times as much | 
gravity to retain it in it's Orbit: that is, it muſt fall as far as from B | | 
to 4 in the time that the projectile. force would carry it from B to c; | | 
otherwiſe it could not deſcribe the curve BD: as is evident by the Fig. IV. 
Figure. But, in as much time as the Planet moves from B to Cin 
the higher part of it's Orbit, it moves from I to K or from K to The Planets | 
L in te lower part thereof; becauſe, from the joint action of theſe eee _ 
two forces, it muſt always deſcribe equal areas in equal times, times. | 
throughout it's annual courſe. Theſe Areas are repreſented by the 
triangles BSC, CSD, DSE, ESF, &c. whoſe contents are equal to one 
another, quite round the Figure. | 
145. As the Planets approach nearer the Sun, and recede farther A difficulty 
from him, in every Revolution; there may be ſome difficulty in con- **moved. 
ceiving the reaſon, why the power of gravity, when it once gets the 
better of the projectile force, does not bring the Planets nearer and 
nearer the Sun in every Revolution, until they fall upon and unite with 
him. Or why the projectile force, when it once gets the better of gra- 
vity, does not carry the Planets farther and farther from the Sun until 
it takes them quite out of the ſphere of his attraction, and cauſes 
them to go on in ſtraight lines for ever afterward. But by conſidering 
the effects of theſe powers as deſcribed in the preceding Article, this: 
difficulty will be removed. Suppoſe a Planet at B to be moved by 
the projectile force as far as from B to b, in the time that gravity would 
bring it down from B to 1; by theſe two forces, it will deſcribe the 
e BC. When the Planet comes down to K, it will be but half as 
the Sun & as it was at B; and therefore, by gravitating four 
s ad ſtrongly towards him, it would fall from K to in the ſame: 
ength of time that it would have fallen from B to 1 in the higher 
part of it's Orbit, that is, through four times as much. ſpace ; but it's 
projectile force is then ſo much increaſed at K, as would carry it from 


& to & in the ſame time; being double of what it was at B, and is 
| I therefore: 
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_ therefore too ſtrong for the gravitating power, not only to draw the Pla- 
net to the Syn, but even to make it go round him in the circle Kimm 
&c. which would require it's falling — K to uo, through a greater 
ſpace than gravity can bring it whilſt the projectile force would carry 
it from K to . and therefore the Planet aſcends in it's Orbit KLAMN, 
decreaſing in it's velocity for the cauſe already aſſigned, 8 143. 
The Planeta- © 145. The Orbits of the Planets are Ellipſes, very little different 
'y Orbits el- from Circles: but the Orbits of the Comets are very long Ellipſes ; 
Pe" Having the Sun in the lower focus of each; as he likewiſe is, in the 
| coincident lower focuſes. of all the Planetary Orbits. If we ſuppoſe 
the mean diſtance (or middle between the greateſt and leaſt) of every 
Their F.xcen- Planet and Comet from the Sun, to be divided into 1000 equal parts, 
tricities. the Excentricities of their Orbits, both in ſuch parts and in.Engh/hmiles, 
will be as follow. Mercury's, 210 parts, or 6,720,000 miles; Ve- 
nus's, 7 parts, or-413,000-miles; the Earth's, 17 parts, or 1, 377, ooo 
miles; Mars's, 93 parts, or 11, 439, ooo miles; Jupiter 8, 48 parts, 
or 203, 20, ooo miles; Saturn's, 5 5 parts, or 42, 73 5, ooo miles. Of the 
neareſt of the three forementioned Comets, 1, 458, ooo, ooo miles; of the 
middlemoſt, 2,02:5, ooo, ooo miles; and of the outmoſt, 6 Sena 
as ſtated by Mr. Wurs rox in his Aſtronomical Principles of Religion *. 
The above 147. By the abovementioned laws, $ 141 5 7 bodies will move 
wwe folicient ine kinds of Ellipſes, whether long or ſhort, it the ſpaces. they move 
all kinds of in be void of reſiſtance. Only, thoſe which move in the longer El- 
Orbits, whe- lipſes, have ſo much the leſs. projectile forces impreſſed. upon them 
AT in the higher parts of their Orbits: and their velocities, in comin 
down towards the Sun, are prodigiouſly increaſed. by his attraction : 
conſequently, their centrifugal forces, in the lower parts of their Or- 
bits, are ſo great, as to overcome the Sun's attraction there; and cauſe 
them to aſcend again, towards the higher parts of their Orbits: during 
which time, the Sun's attraction acting ſo contrary to the motions of 
thoſe bodies, cauſes them to move ſlower and flower, until their 
rojectile forces are almoſt diminiſhed to nothing; and then, cd are 
2 back again by the Sun's attraction, as before. 
In what time 148. If the prejectlie forces of all the Planets and Comets were 
dla de opt, at their mean diſtances from the Sun, their gravities would 
the Sun by bring them down ſo, as that Mercury would fall to the Sun in 15 days 
the power of 13 hoursz Venus in 39 days 17 hours ; the Earth or Moon in 64 days 
gravity 10 hours; Mars in 121 days; Jupiter in 290; and Saturn in 767. 
The neareſt Comet in 13 thouſand days; the middlemoſt in 23 thou- 
land; and the outermoſt in 66 thouſand, The Moon would fall to 
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the Earth in 4 days 20 hours; Jupiter's firſt Moon would fall to him 


in 7 hours; his ſecond, in 15; his third, in 30; and his fourth, in 
71 hours. Saturn's firſt Moon would fall to him in 8 hours; his ſe- 
cond, in 12; his third, in 19; his fourth, in 68 hours; and the fiſth, 


in 336. A ſtone would fall to the Earth's center, if there were an 


hollow paſſage, in 21 minutes 9 ſeconds : | ſtated. by Mr. Wuls rox, 
as above +, where he gives the following Rule for ſuch Computati- 
ons. It 1s demonſtrable, that half the Period of every Planet, di- 


miniſhed in the * ry es proportion of the number 1 to the num 


ber 2, is the time that it would fall to the Center of it's Orbit, This 
proportion is, when any number or quantity contains one and an half 
of ſuch a number or quantity as itſelf. 


149. The quick motions of the Moons of Jupiter and Saturn round The prodigi- 


ous attraction 
of the Sun 


tractive powers than the Earth. For, the ſtronger that one body at- and Planer. 


their Primaries, demonſtrate that theſe two Planets have ſtronger at- 


tracts another, the greater muſt be the projectile force, and conſe- 
quently the quicker muſt be the motion of that other body, to keep 
it from falling to it's primary or central Planet. ' Jupiter's ſecond 
Moon is 124 thouſand miles farther from Jupiter than our Moon is 
from us, $75, 52; and yet, this ſecond Moon goes more than eight 
times round Jupiter whilſt our Moon goes only once round the Earth. 
What a prodigious attractive power muſt the Sun then have, to draw 
all the Planets and Satellites of the Syſtem towards him; and what 
an amazing ſtrength muſt it have required at firſt, to put all theſe 
Planets and Moons in motion! Amazing to us, becauſe impoſſible to 
be effected by the ſtrength of all the people in an unlimited number 


of Worlds, as will appear by the following Article; but it is as no- 


thing to the Almighty, whoſe Planetarium takes in the whole Uni- 
verſe ! 


lever with the force of 200 pounds, and that the weight of the Earth 
be 399,784,700, 118, 074, 464,789, 750; if we imagine the Earth 
to be placed at one end of the Lever, at the diſtance of 6000 miles 
from the Prop or Center of Motion, then muſt the Perſon or 
Power be applied to the other end of the Lever, at the diſtance of 
11,993, 541, oog, 542, 233,943, 692, 500 miles from the Earth to ſuſtain 
it; which is 1 5, 569, 745, 95 1, o3 5, 73 1 times the mean diſtance of Sa- 
turn from the Earth. And, to raiſe the Earth but one mile, the power 
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150. It is reported of ARCH1MEDES, (falſly I believe) that he ſaid he An ideat 


Problem for 


could move the Earth, if he had any place at a diſtance from it to fix a — 


prop for his lever. Now, ſuppoſe a man could preſs upon the end of a Earth. 25 


. — — 


Hard to de- 
termine what 
Gravi'y is. 


freely on their internal as external parts, it ſeems to ſurpaſs the power 
of mechaniſm; and to be either the immediate agency of the D 
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muſt move through the ſpace of 1, 998, 923, 500, 590, 322, 323, 948 
miles: conſequently, if ARcyuiMEDEs or the power could move as 
fwift as a cannon ball, i. e. 480 miles every hour, he would require 
44,963, 540,000,000 years to raife the Earth one inch. | 
151. The Sun and Planets mutually attract each other: the power 
by which they do ſo, we call Gravity. But whether this power be 
mechanical or not, is very much diſputed. We are certain that the 
Planets diſturb one another's motions by it, and that it decreaſes ac- 
cording to the ſquares of the diſtances of the Sun and Planets ; as 
light, which is known to be material, likewiſe does. Hence Gravity 
fhould ſeem to ariſe from the agency of ſome ſubtile matter iſſuing 
from the Sun and Planets, and aQting like all mechanical cauſes by 
contact. But on the other hand when we confider, that the degree 
of it is exactly in proportion to the quantities of matter in thoſe — 
without any regard to their bulks or quantity of ſurface, acting as 


eity, 
or effected by a law originally eſtabliſhed and impreſt on all matter 55 
him. But ſome affirm, that matter being altogether inert, cannot 
be impreſſed with any Law, even by Almighty Power. And 
that the Deity muſt therefore be conſtantly impelling the Planets. 

toward the Sun, and moving them with the tame irregularities and 
diſturbances which Gravity would cauſe, if it could be ſuppoſed to 
exiſt. But, if a perſon may venture to publiſh his own thoughts, (and 
why ſhould not one as well as another ?) it ſeems to me no greater 
abſurdity, to ſuppoſe the Deity capable of ſuperadding a Law, or 
what Laws he pleaſes to matter, than to ſuppoſe him capable of giv- 
ing it exiſtence at firſt.” The manner of both is equally inconceiv- 
able to us; but neither of them imply a contradiction in our ideas: 


and what implies no contradiction is within the power of Omni- 


otence. Do we not ſee that a human creature can prepare a bar of 
cel ſo as to make it attract needles and filings of iron; and that he. 
can put a ſtop to, and again call forth that power or virtue as often, 
48 he pleaſes ? To ſay that the workman infuſes any new power into 
the bar, is ſaying too much; ſince the needle and filings, to which 
he has done nothing, re- attract the bar. And from this it appears 
that the power was originally impreſt on the matter of which the bar, 
needle and filings are compoſed ;- but does not ſeem to act until the 
bar be properly prepared by the artificer : ſomewhat like a rope coiled: 
up in a ſhip, which will never draw a boat or any other thing towards 
her unleſs one end be tied to her and the other end to that which = 
| L | wanted 
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wanted to be haul'd up; and then it is no matter which end of the 
rope the ſailors pull at, for it will be equally ſtretched throughout, 
and the ſhip boat will move towards one another. To fay that 
the Almighty has infuſed no ſuch virtue or power into the materials 
which compoſe the bar, but that he waits till the operator be pleaſed 
to prepare it by due poſition and friction, and then, when the needle 
or filings are brought pretty near the bar, the Deity preſſes them 
towards it, and withdraws his hand whenever the workman either for 
uſe, fancy or whim, does what appears to him to deſtroy the action 
of the bar, ſeems quite ridiculous and trifling ; as it fuppoſes God 
to do what would be below the dignity of any rational man to be 
employed about. l $6411 Ris 

That the projectile force was at firſt given by the Deity is evident. 

For, ſince matter can never put itſelf into motion, and all bodies 
may be moved in any direction whatſoever ; and yet all the Planets 
both primary and ſecondary move from welt to eaſt, in planes Weary 
coincident ; whilſt the Comets move in all directions, and in planes ſo 
different from one another, theſe motions can be owing to no me- 
chanical cauſe or neceſſity, but to the free choice and power of an 
intelligent Being. off 270151901 | 

152. Whatever Gravity be, tis plain that it acts every moment of 
time: for ſhould it's action ceaſe, the projectile force would that mo- 
ment carry off the Planets in ſtraight lines from thoſe parts of their 
Orbits where Gravity left them, & 103. But, being once put into b 
motion, there is no occaſion for any new projectile force, unleſs they 
meet with ſome reſiſtance in their Orbits, $101, 141; nor for any mend- 
ing hand, unleſs they diſturb one another by their mutual attractions. 

153. It is found, that there are diſturbances among the Planets The Planets 
motions ; ariſing from their mutual attractions, when in the fame eee ee | 
quarter of the Heavens: and that our years are not always preciſely cioa. 
of the fame length. Beſides; there is reaſon to believe that the Mon 
is ſomewhat nearer the Earth now than ſhe was formerly; her peri- 
odical month being ſhorter than it was in former ages. For, our | 
Aſtronomical Tables, which in the preſent Age ſhew the times of The conſe- 
Solar and Lunar Eclipſes to great preciſion, do not anſwer ſo well for a rr. 

L very ancient Eclipſes. Hence it appears, that the Moon does not ' 
2 move in a medium void of all reſiſtance ; and therefore her projectile 
force being a little weakened, whilſt there is nothing to diminiſh her 
gravity, ſhe muſt be gradually approaching nearer the Earth, deſcrib- 
ing leſs Circles round it in every revolution, and finiſhing her Period 
ſooner, although her abſolute motion with regard to ſpace be not ſo 
2 1 quick 


— 
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2 as formerly. Hence ſhe muſt come to the Earth at laſt ; unleſs 
hat Being, which gave her a ſufficient projectile force at firſt, adds 
a little more to it in due time. And, as all the Planets move in ſpaces 
full of ether and light, which are material ſubſtances, they too muſt 
meet with ſome reſiſtance. And therefore, if their gravities are neither 
diminiſhed, nor their projectile forces increaſed, they muſt neceſſarily 
approach nearer and nearer the Sun, and at length fall upon and unite 


. 


| with him. | 25 

The World 1 54. Here we have a ſtrong philoſophical argument againſt the 

non: ada eternity of the World. For, had it exiſted from eternity, and been 
left by the Deity to be governed by the combined actions of the above 
forces or powers, generally called Laws, it had been at an end long 
ago. And if it be left to them it muſt come to an end. But we may 
be certain that it will laſt as long as intended by it's Author, who 
ought no more to be found fault with for framing ſo periſhable a 
work, than for not making our bodies immortal. | 
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C H AP. V. 


Of Light. It's proportional quantities on the different 
Planets. It's Refraftions in Water and Air. The 
Atmoſphere ; it's weight and properties. The Hori- 
gontal Moon. £ ; 


155. ; My tr; T conſiſts of extremely ſmall particles of matter, iſſu- 

[aj ing from a luminous body: as from a lighted candle, there 

The amazing are ſuch particles of matter continually flowing in all directions. Dr. 
x nyo Ho NitEwENTYT * computes, that in one ſecond of time there flows 
of light, 418, 660, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo 
cles of light out of a burning candle; which number contains at 

leaſt one billion three hundred and ninety five thouſand five hundred 

million of times the number of grains of ſand in the whole Earth; 
ſuppoſing 100 grains of ſand to be equal in length to an inch, and 

conſe uently, every cubic inch of the Earth to contain one million 


of ſuch grains. 


9 Religious Philoſopher, Vol. III. pag. 65. 
2 | 1 56. Theſe 
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156. Theſe amazingly ſmall particles, by ſtriking upon our eyes, PLATE 11. 
excite in our minds the idea of light: and, if they were ſo large as The dreadful 
the ſmalleſt particles of matter diſcernible by our beſt microſcopes, b that 
inſtead of being ſerviceable to us, they would ſdon deprive: us of fight rom their 
by the force ariſing from their immenſe velocity; which is above 164 being larger. 
thouſand miles every ſecond , or a million of times ſwifter than the | 
motion of a cannon bullet. And therefore, if the particles of light 
were ſo large, that a million of them were equal in bulk to an or- 
dinary grain of ſand, we durſt no more open our eyes to the light than 
to have ſand ſhot point blank againſt them. 

157. When theſe ſmall particles, flowing from the Sun or from a How objects 
candle, fall upon bodies, and are thereby reflected to our eyes, they become vit. 
excite in us the idea of that body by forming it's picture on the retina. as 
And fince bodies are viſible on all ſides, light muſt be reflected from 
them in all directions. Neto on Aſn 

158, A ray of light is a continued ſtream of theſe particles, flow- Light moves 
ing from any viſible body in ſtraight lines. That they move in ſtraight, in fraight 
and not in crooked lines unleſs refracted, is evident from bodies not being 9 
viſible if we endeavour to look at them thro the bore of a bended pipe; 
or becauſe they ceaſe to be ſeen by the interpoſition of other bodies, 
as the Fixt Stars by the interpoſition of the Moon and Planets, and the 
Sun wholly or in part by the interpoſition of the Moon, Mercury, or 
Venus. And that they do not interfere, or joſtle one another out of A proof that 
their ways, in flowing from different bodies all around, is plain from — hinder 
the following Experiment. Make a little hole in a thin plate of me- — 
tal, and ſet the plate upright on a table, facing a row of burning on. 
candles ſtanding w one another; then hold a ſheet of paper or paſte- 
board at a little diſtance behind the hole, and the rays of all the can- 
dles flowing through the hole, will form as many ſpecks of light on 
the paper as there are candles on the other ſide of the plate; each 
ſpeck as diſtin& and large, as if there were only one. ſpeck from 
one candle; which ſhews, that the rays are no hinderance to each 
other's motions, although they all croſs in the hole. Ka 

159. Light, and heat ſo far as it depends on the Sun's rays (5 87, 
towards the end) decreaſes in proportion to the ſquares of the diſtances 
of the Planets from the Sun. This is eaſily demonſtrated by a Figure 
which, together with it's deſcription, I have taken from Dr. SMiTH's 
Optics . Let the light which flows from a point A and paſſes through pig. xr. 

2 ſquare hole B be received upon a plane C, parallel to the plane of 
the hole; or if you pleaſe let the figure C be the ſhadow of the plane 


+ This will be demonſtrated in the eighth Chapter. 1 Book I. Art. 57. 
| | & «1 


— 
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PLATE II. B; and when the diſtance C is double of B, the length and breadth 
In what pro- of the ſhadow C will be each double of the length and breadth of 
portion "g"f the plane B; and treble when AD.is treble of AB; and fo on: which 
creaſe at any MAY be eaſily examined by the light of a candle placed at A. There- 
2 diſtance fore the ſurface of the ſhadow C, at the diſtance AC double of AB, 
rom the Sun. jc diviſible into four ſquares, and at a treble diſtance, into nine ſquares, 
ſeverally equal to the ſquare B, as repreſented in the Figure. The 
light then which falls upon the plane B, being ſuffered to paſs to 
double that diſtance, will be uniformly ſpread over four times the 
2 and conſequently will -be four times thinner in every part of 
at ſpace, and at a treble diſtance it will be nine times thinner, and 
at a quadruple diſtance ſixteen times thinner, than it was at firſt; and 
ſo on, according to the increaſe of the ſquare ſurfaces B, C, D, E, 
built upon the diſtances AB, AC, AD, AE. Conſequently, the quan- 
tities of this rarified light received upon a ſurface of any given ſize and 
ſhape whatever, removed ſucceſſively to theſe ſeveral diſtances, will 
be but one quarter, one ninth, one ſixteenth of the whole quantity 2 
received by it at the firſt diſtance AB. Or in general words, 1 den- 2 
ſities and quantities of light, received upon any given plane, are di- 3 
miniſhed in the ſame proportion as. the ſquares of the diſtances of 
that plane, from the luminous body, are increaſed : and on the 
contrary, are increaſed in the fame proportion as theſe ſquares are di- 
miniſhed. Sr Tn” . C 
Why the Pla- 160. The more that a teleſcope magnifies the diſks of the Moon 
dimmer benen and Planets, they appear ſo much dimmer than to the naked eye; 
viewed thro! becauſe the teleſcope cannot magnify the quantity of light, as it does 
teleſcopes the ſurface; and, by ſpreading. the fame quantity of light over a 
naked «ye. ſurface ſo much larger than the naked eye beheld, juſt ſo much dim- 
mer mult it appear when viewed by a teleſcope than by the bare eye. 
161. When a ray of light paſſes out of one medium“ into another, 
it is refracted, or turned out of it's firſt courſe, more or leſs as it falls 
more or teſs obliquely on the refracting ſurface which divides the two 
mediums. This may be proved by ſeveral Experiments: of which 
we ſhall only give three for example's fake., 1. In a baſon FGH put 
Fig. VIII. a piece of money as DB, and then retire from it as to A, until the 
edge of the baſon at E juſt hides the money from your fight: then, 
keeping your head ſteady, cauſe another perſon to fill up the baſon 
gently with water. As he fills it, you will ſee more and more of the 
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* A medium, in this ſenſe, is any tranſparent body, or that through which the 
rays of light can paſs; as water, glaſs, diamond, air; and even a vacuum is ſome- 
times called a Medium. | | 
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Properties of Light. 


P 
whilſt the baſon was empty, is now bent at the ſurface of the water 


63 | 


fiece DB; which will be all in view when the baſon is full, and ap RefraQion of 
pear as if lifted up to C. For, the ray AEB, which was ſtraight um of 


at E, and turned out of it's rectilineal courſe, into the direction ED. 


Or, in other words, the ry DEK, that proceeded in a ſtraight line 


eye at A, is now bent at E; and inſtead of going on in the rectilineal 
direction DEK, goes in the angled direction EA, and by entering 


from the edge D, whilſt the baſon was empty, and went above the ; 


the eye at A renders the object DB viſible. Or, 2dly; place the ba- 


ſon where the Sun ſhines obliquely, and obſerve where the' ſhadow 
of the rim E falls on the bottom, as at B: then fill it with water, 
and the ſhadow will fall at D; which proves, that the rays of light, 
falling obliquely on the ſurface of the water, are refracted, or bent 
downwards into the water. | | MY 40) 

162. The leſs obliquely that the rays of light fall upon the furface 
of any medium, the leſs they are refracted; and if fall perpen- 
dicularly thereon, they are not refracted at all. For; in the laft experi- 
ment, the higher the Sun riſes, the leſs will be the difference between the 
places where the edge of the ſhadow falls, in the empty and full 
baſon. And, 3dly, if a ſtick be laid over the baſon, and the Sun's 
rays be reflected perpendicularly into it from à looking-glaſs, the 


ſhadow of the ſtick will fall upon the ſame place of the bottom, whe- 


ther the baſon be empty or full. ys | 
163. The more denſe that any medium is, the more is light re- 
fracted in paſſing through it. | JS 

164. The 


the Air or Atmoſphere ; which gravitates to the Earth, revolves with it | 


in it's diurnal motion, and goes along with it in it's annual courſe 
round the Sun. This fluid is of an elaſtic or ſpringy nature; and it's 
towermoſt parts being preſſed by the uppermoſt, are ſqueezed the 
eloſer together; therefore, denſeſt of all at the Earth's ſurface, and 


Earth is ſurrounded by a thin fluid maſs of matter, called The Atmo- 


phere. 


gradually rarer the higher up. That the air is thinner, and conſe- It's weight: 


quently lighter the higher we go, is evident from the mercury in th 
barometer, which ſtands at a leſs height in the tube on the top of a 
mountain than at the foot of it: and like wriſe from hence, that if, at 


e and ſpringy 


quality de- 
monſtrated. 


the foot of a mountain, moſt of the air be preſſed out of a bladder, and 


then it's neck be tied ſo faſt that no more can enter; if it be carried 


up to the top of the mountain, the few particles of air which were: 
left, and tied up in it, will expand themſelves ſo as to fill the bladder 


more and more all the way going up: which not only demonſtrates 


the ſpringy quality of the air, but likewiſe that the circumambient 


arr 
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air grows lighter, the higher we aſcend; and by preſſing leſs againſt 
the outfide of the bladder, leaves the inſide air at more liberty to 
expand itſelf. None can certainly tell how high the uppermoſt par- 
ticles of our Atmoſphere rife by this elaſtic property; and — 

ſome have thought that they go even beyond the Moon; if fo, it is 

eaſy to account for her coming nearer the Earth, & 153, becauſe they 

muſt in a ſmall degree reſiſt her projectile motion. 

1%, weight 165, The weight of the air, at the Earth's ſurface, is found by 
my om experiments made with the air- pump; and alſo by the quantity of 
mercury that the Atmoſphere balances in the barometrical tube ; in 

which, at a mean ſtate, the mercury ſtands 29 inches high. And, 

if the tube were an inch wide, and of a ſquare form, it would at that 

height contain 29 cubic inches of mercury, which is juſt 14 pound 
weight; and ſo much weight of air every ſquare inch of the Earth's 

ſurface ſuſtains ; and every ſquare foot 144 times as much, becauſe 

it contains 144 ſquare inches. Now as the Earth's ſurface con- 

tains 199,409,400 ſquare miles, F 100, it muſt be of no leſs than 

55559, 115,0 16, 960, ooo ſquare feet; which, multiplied by 2016, the 

number of pounds on every ſquare foot, amounts to 11,207, 175, 
874, 191, 360, ooo; or 11 trillion 207 thouſand 175 billion 874 thou- MH 

ſand 191 million and yoo thouſand pounds, for the weight of the 2 

whole Atmoſphere. t this rate, a middle fized man, whoſe ſurface | 

may be about 14 ſquare feet, is preſſed by 28 thouſand 224 pound 

weight of air all round; for fluids preſs equally up and down and 

on all ſides. But, becauſe this enormous weight is equal on all ſides, 
"and counterbalanced by the ſpring of the internal air in our blood” 

veſſels, it is not felt. NET | 
A common 166. Oftentimes the ſtate of the air is ſuch, that we feel our- 
itake avout ſelves languid and dull; commonly thought to be occaſioned 
ae roy, by the air's being foggy and heavy about us. But the true cauſe 
is, that the air is then too light, and not being a ſufficient counterba- 
lance for the ſpring of the air within us, our fibres are relaxed and 

loſe part of their elaſticity; hence, the arteries being not ſufficiently 

. compreſſed by the fibres which ſurround them, their contractive tone 

is weakened fo that they cannot force the blood with it's uſual vigour 
into the veins, and therefore it's circulation being leſs briſk, we 7 
feel ourſelves leſs ſo of courſe. That the air is too light when it af- 3 
fects us ſo, is evident from the ſinking of the mercury in the baro- 3 
meter, at which time it is generally found not to have ſufficient 
ſtrength or weight to bear up the vapours which compoſe the 


Clouds: for, when it is otherwiſe, the clouds go high, the air is 
| more 
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Concerning the Atmoſphere. - = 
more elaſtic and weighty about us, which balances the internal ſpring, PLATE II. 


braces up our bodies and nerves, and makes us briſk and lively. 

167. Acccording to * Dr. Kz1LL, and other aſtronomical writers, it 
is entirely owing to the Atmoſphere that the Heavens appear bright in | 
the day-time. For, without it, only that part of the Heavens would Without an 
ſhine, in which the Sun was placed: and if a ſpectator could live with- 5m9\phere | 
out air, and ſhould turn his back towards the Sun, the whole Heavens would alone 
would appear as dark as in the night, and the ſtars would be ſeen as clear appear dark, 
as in the nocturnal ſky. © Moreover, we could ſee no part of any ob- pus ac 

ject but what the Sun ſhone upon; and ſhould therefore be obliged to light. 
turn every moveable object round to the Sun that we might ſee all it's 
fides : and thoſe objects which could not be moved, we ſhould be forced 
to wait till the Sun ſhone round all ſides of them; conſequently, from 
the 23d of September to the 1oth of March we could never ſee the north 
ſides of hills, houſes, trees, &c. without artificial lights; the inconveni- 
ence of which appears too obvious to require a deſcription. And beſides 
this, we ſhould have no twilight, but a ſudden tranſition from the 
brighteſt ſun-ſhine to the blackeſt darkneſs, immediately after ſun-ſet ; 
and from the blackeſt darkneſs to the brighteſt ſun-ſhine at ſun-riſing ; 
which would be extremely inconvenient, if not blinding, to all mor- 
tals. But, by means of the Atmoſphere, we enjoy the ſun's light, re- 
flected from the aerial particles, er he riſes hd after he ſets. For, 
when the Earth by its rotation has withdrawn the Sun from our ſight, 
the Atmoſphere being ſtill higher than we, has his light imparted to 
it ; which gradually declines until he has got 18 degrees below the 
Horizon ; and then, all that part of the Atmoſphere which is above us 
is dark. From the length of twilight, the Doctor has calculated the 
height of the Atmoſphere (fo far as it is denſe enough to reflect any 
light) to be about 44 miles. But it is ſeldom denſe enough at two miles 
height to bear up the Clouds. | | 

168. The Atmoſphere refracts the Sun's rays ſo, as to bring him in, brings the 
ſight every clear day, before he riſes in the Horizon ; and to keep him Sun in view 
in view for ſome minutes after he is really ſet below it. For, at ſome 8 
times of the year, we ſee the Sun ten minutes longer above the Horizon keeps bim in 
than he would be if there were no refractions: and about ſix minutes aſter be 
every day at a mean ſtate. | | F 

169. To illuſtrate this, let TEK be a part of the Earth's ſurface, co- Fig. IX. 

vered with the Atmoſphere HGFC ; and let HEO be the ſenſible Hori- | 
zon of a perſon at E. When the Sun is at A, really below the Hori- 


See his Aſtronomy, p. 232. 
3 Zzon, 
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PLATE II. zon, a ray of light AC proceeding from him comes ſtraight to C, where 

Recauſe it re- it falls on the ſurface of the Atmoſphere, and entering a denſer medium, 

flects his rays. is turned out of its rectilineal at courſe Aa, and bent down to the ob- 
ſerver's eye at E; who will then ſee the Sun in the direction of the re- 
fracted ray edE, which is above the Horizon, and extended out to the 
Heavens, ſhews the Sun at B. § 161. 

Fig. IX. 170. The higher the Sun riſes, the leſs his rays are refracted, becauſe 
they fall leſs obliquely on the ſurface of the Atmoſphere, F 162. Thus, 
when the Sun is in the direction of the line EL continued, he is ſo 
nearly perpendicular to the ſurface of the Earth at E, that hrs rays are 
but very little bent from a rectilineal courſe. 

171. The Sun is about 34 minutes of a degree, in breadth, when at 
| his mean diſtance from the Earth; and the horizontal refraction of his 

The quantity rays is 33+ minutes, which being almoſt equal to his diameter, brings 

of refraction 1. „ . 
his whole diſc in view, when his uppermoſt edge comes to the Horizon. 
At ten degrees height, the refraction is not quite 5 minutes, at 20 de- 
gtees only 2 min. 26 ſec.; at 30 degrees but 1 minute 32 ſeconds ; be- 
tween which and the Zenith, it is ſcarce ſenſible : the quantity to 7 5 de- FE 
grees height, is ſhewn by the following table, made by Sir Isaac New- 1 
TON, and taken from Ne 368 of the Philaſophical Tranſactions. 


172. A TABLE, ſhewing the REFRACTIONS of the Sun, Moon, 


and STARS, adapted to their apparent Altitudes. 

\ppar. | Refrae- || Appar. — ern Refrac- ve & r 
Alt. tion. Alt. tion. Alt.] tion, Alt. tion. Alt tion. Alt.] tion. 
De — I» Deg. J. 5.1 | Der. N. 
o 033 450 5 308 211[16]3 41/31[1 28[]46]o 52[[61Jo 30 
jo 15130 24 07 45111712 530321 25||47]9 50/0/6200 28 
o 3027 35 6 3017 14/1802 433311 221]48]o 48][63]0 27 
4525 11} 7 016 4711912 3434/7 19/490 47640 26] 
LOMESLZRE 3212 252912 2011251 16Hieojo e5itocto 25] 
fri 15121 200 8 6 ofj21|[2 18;|36]1 13610 44/[66]o 24 
1 3019 46 8 305 4ojj22]2 11037T1 11]|52]o 421|67]o 23 
145018 220 05 222302 53861 8063/0 4068 22 
2 00% Bil 9 3005 6/2401 59/391 6054 39/690 21 
2 3015 21 94 551 544% 4/6500 38][70[o 20: 
3 013 20% 4 27/2601 49/41[1 2 56j0 36067100 19] 
3 30/1 57/12 04 52711 44421 off57,0 35|[72]o. 18 
4 10 483 o[3 471/23] 1 40%43/0 580580 34/73] 17] 
4391.9 $0114. 0[3 %% 30114410 569% 32117410 16] 
5 af 2115 ofl3 izle 321/450 54/160jo 31jl75]o 15 
WY. 
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173. In all obſervations, to have the true altitude of the Sun, Moon, PLATE II. 
or Stars, the refraction muſt be ſubtracted from the obſerved altitude. 8 
But the quantity of refraction is not always the ſame, at the fame alti- flatiey'of Re- 
tude ; becauſe heat diminiſhes the air's refractive power, and cold in- fractions. 
creaſes it; and therefore no one table can ſerve preciſely for the ſame 
place at all ſeaſons; nor even at all times of the fame day: much leſs 
for different climates ; it having been obſerved that the horizontal re- 
fractions are near a third part leſs at the Equator than at Paris, as 
mentioned by Dr. SMiTH in the 370th remark on his Optics, where 
the following account is given of an extraordinary refraction of the ſun- 
beams by cold. There is a famous obſervation of this kind made 
by ſome Hollanders that wintered in Nova Zembla in the year 1 596, who A very re- 
were ſurpriſed to find, that after a continual night of three months, the markable 
Sun began to riſe ſeventeen days ſooner than according to computation, ing 
deduced from the Altitude of the Pole obſerved to be 76“: which can- on. 
not otherwiſe be accounted for, than by an extraordinary quantity of 
refraction of the Sun's rays, paſſing through the cold denſe air in that 
climate. KEPLER computes that the Sun was almoſt: five degrees be- 
low the Horizon when he firſt appeared; and conſequently the re- 
fraction of his rays was about nine times greater than it is with us.” 

174. The Sun and Moon appear of an oval figure as CFGD, juſt 
after their rifing, and before their ſetting : the reaſon is, that the re- 
fraction being greater in the Horizon than at any diſtance above it, and 
decreaſing faſter than the diſtances increaſe, the lowermoſt limb G ap- 
pears more elevated than the uppermoſt, But although the refraction 
ſhortens the vertical Diameter FG, it has no ſenſible effect on the ho- 
rizontal Diameter CD, which is all equally elevated. When the refrac- 
tion is ſo ſmall as to be imperceptible, the Sun and Moon appear per- 
fectly round, as AEBF. | | | 

175. We daily obſerve, that the objects which appear moſt diſtinct Our imagina- 
are generally thoſe which are neareſt to us; and conſequently, when tion cannot . 
we have nothing but our imagination to affiſt us in. eſtimating of diſ- of give 
tances, bright objects ſeem nearer to us than objects which are leſs of inacceſiible 
bright, or than the ſame objects do when they appear leſs bright, and ieee. 
worſe defined, even tho' their diſtance in both caſes be the ſame. And 
as in both caſes they are ſeen under the ſame angles *, our imagina- 

| tion 


* An Angle is the inclination of two right lines, as EH and FH, meeting in a point Fig. y. 
at H; and in deſcribing an Angle wy three Letters, the middle Letter always denotes 
the angular point; thus, the above lines meeting each other at H, make the Angle 
EHF. And the point H is always ſuppoſed = be the center of a circle, containing 300 
2 equa 
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objects whic 


The Phenomena of tbe 


tion ene ſuggeſts an idea of greater diſtance between us and thoſe 


appear fainter and worſe defined than of thoſe which ap- 
pear bigger under the ſame Angles; eſpecially if they be ſuch objects 
as we were never near to, and of whoſe real Magnitudes we can be no 


judges by ſight. 


Nor always of But, it is not only in judging of the different apparent Magnitudes of 


thoſe which 
are acceſſible. 


The oa 
aſſigned » 


the ſame objects, which are better or . worſe defined by their being 
more or leſs bright, that we may be deceived : for we may be fo, by 
viewing them under equal degrees of brightneſs, and at equal diſ- 
tances ; altho' they be objects whoſe bulks we are generally acquainted 
with, ſuch as houſes or trees: for proof of which, the two following 
inſtances may ſuffice. | | 

Firſt, When a houſe is ſeen over a very broad river by a perſon ſtand- 
ing on low ground, who ſees nothing of the river, nor knows of it be- 
fore-hand ; the breadth of the river being hid from him, becauſe the 
banks ſeem contiguous, he loſes the idea of a diſtance equal to that 
breadth; and the houſe ſeems ſmall, becauſe he refers it to a lefler 
diſtance than it really is from him. But, if he goes to a place no far- 
ther from the houſe, where the river and inter-jacent ground can be 
ſeen, he then judges the houſe to be at a greater diſtance than he im- 
agined ; and therefore fancies it to be bigger than he did at firſt ; al- 
tho” in both caſes it appears under the ſame Angle to him, and conſe- 
quently makes no bigger picture on the retina of his eye in the latter 
caſe, than it did in the former. Many have been deceived, by taking 
a red coat of arms, fixed upon the iron gate in Clare-Hall walks at Cam- 
bridge, for a brick houſe at a much greater diſtance +. 

Secondly, In foggy weather, at firſt fight, we generally imagine a 
ſmall hutt, which 1s juſt at hand, to be a great caſtle at a diſtance ; 


equal parts called Degrees. A fourth part of a circle is called a Quadrant, as GI, and 
contains go degrees. | | 

The nearer that any object is to the eye, the bigger it appears, and is ſeen under the 
larger Angle. Thus, the object 4B ſeen by the eye at I, appears under the Angle AB, 
that is, under an Angle of 10 degrees on the Quadrant GI. But if the ſame object be 
brought a third part nearer the eye, as to CD, it will be ſeen under the Angle CHD, 
which is a third part larger, or 15 degrees ; the line CH being 15 degrees from DH on 
the Quadrant. If the object 42 be brought two thirds nearer the eye, as to EF it will 
be ſeen under the Angle EH, which contains 30 degrees of the Quadrant GI. And if 
it be brought ſill nearer, as to XL, it will be ſeen under an Angle of go degrees, which 
is called a Right Angle, for the line KH falls rightly perpendicular on the end of the 
line LH. And thus, the Angles under which all objects are ſeen, increaſe, as the diſ- 
tances of the objects from the eye decreaſe. | | 

+ The fields which are beyond the gate riſe gradually till they ſcem almoſt above it; 
for which reafon, the arms, being red, may very caſily be miſtaken for a houſe at a con- 
fiderable diſtance in thoſe fields. 2 


* becauſe 


Horixontal Moon explained. 69 
| hecauſe it appears fo dull and ill defined when ſeen through 1 the Miſt, PLATE I. 
that we refer it to a much greater diſtance: than it really is at and N 
therefore, under the ſame Angle, we judge it to be much bigger. For, 
the near object FE, ſeen by the eye ABD, appears under the ſame Angle 9 
GCH, that the remote object G does: — e rays GFCN and HECM ©: 
croſſing one another in the pupil of the eye, Matte the ſize of the 
picture MN on the retina; which is the picture of the object FE, 
and if FE were taken away, would be the picture of the object GH, 
only worſe defined; becauſe GH, being farther off, appears duller 
and fainter than FE did. But if a F og, as KL, comes between the 

eye ang the object FE, it appears dull and ill defined like GHT; 

which cauſes our imagination to refer FE to the greater diſtance 

CH, inſtead of the ſmall diſtance CE at which it- really is. And 
conſequently, as miſ-judging the diſtance does not in the leaſt diminiſh 

the Angle under which the object appears, the ſmall hay-rick FE ſeems 

to be as big as GHI. 

176. The Sun and Moon appear bigger in the Horizon than at any pig. 1x. 

conſiderable height above it. "Theſe Luminaries, altho' at great diſ- 

tances from the Earth, appear floating, as it were, on the ſurface of 

our Atmoſphere HGFfeC, a little way beyond the Clouds; of which, 

thoſe about F, directly over our heads at E, are nearer us than thoſe why the sun 
about H or e in the Horizon Ee. Hence, when the Sun or Moon and Moon ap- 
appear in the Horizon at e, they are not only ſeen in a part of the Sky f Abe oy 
which is really farther from us, than if they were at any conſiderable zon. 
Altitude, as about /; but they are alſo ſeen through a greater quan- 

tity of Air and Vapours at #than at 7. Here we have two concurring 
appearances which deceive our imagination, and cauſe us to refer 

the Sun and Moon to a greater diſtance at their riſing or ſetting 

about e, than when they are conſiderably high as at /: firſt, their 

ſeeming to be on a part of the Atmoſphere at e, which is really farther 

than / from a ſpectator at E; and ſecondly, their being ſeen through 

a grofſer medium when at e than when at f; which cauſes us to 
imagine them to be at a yet greater diſtance. And as, in both caſes, they 
are ſeen under the ſame Angle, we naturally judge them to be biggeſt 

when fartheſt from us; like the above-mentioned houſe F 175, ſeen 

from a higher ground, which ſhewed it to be farther off than it ap- 

peared from low ground ; or the hay-rick, which appeares at a greater 

diſtance by means of an interpoſing Fog. 

177. Any one may fatisfy himſelf that the Moon appears under Their Diame- 

no greater Angle in the Horizon than” on the Meridian, by taking a lets on tus 


large ſheet of paper, and rolling it up in the form of a Tube, of ſuch Meridian 


than in the 
width A 


The Method of finding the diſtances 


width, that obſerving the Moon through it when ſhe riſes, ſhe may, as 
it were, juſt fill the Tube ; then tie a thread round it to keep it of that 
ſize; and when the Moon comes to the Meridian, and appears much 
leſs to the eye, look at her again through the ſame Tube, and ſhe 
will fill it juſt as much, if not more, than ſhe did at her riſing. 

178. When the full Moon is in perigeo, or at her leaſt diſtance from 
the Earth, ſhe is ſeen under a larger Angle, and muſt therefore ap- 
pear bigger than when ſhe is full at other times : and if that part of 
the Atmoſphere where ſhe riſes be more replete with vapours than 
uſual, ſhe appears ſo much the dimmer; and therefore we fancy her to 
be {till the bigger, by referring her to an unuſually great diſtance ; 
knowing that no objects which are very far diſtant can appear big unleſs 
they be really fo. 


F] * 


CH AP. V. 


The Method of finding the Diſtances of the Sun, Moon, and 
Planets. | 


4 | HOSE who have not learnt the uſe of a common Quadrant for 
taking the * Altitude of any Phenomenon in the Heavens, nor 


know any thing of Plain Trigonometry, may paſs over the firſt Article 
Ef of 


* The Altitude of any celeſtial Phenomenon is an arch of the Sky intercepted be- 
tween the Horizon and the Phenomenon. In Fig. VI. of Plate II. let HOX be a 
horizontal line, ſuppoſed to be extended from the = at A to X, where the Sky and 
Earth ſeem to meet at the end of a long and level plain; and let $ be the Sun. The 
arch XY will be the Sun's height above the Horizon at X, and is found by the inſtru- 
ment EDC, which is a quadrantal board, or plate of metal, divided into go equal parts 
or degrees on its limb DPC; and has a couple of little braſs plates, as @ and 5, with 
a ſmall hole in each of them, called Sight Helps, for looking through, parallel to the 
edge of the Quadrant whereon they ſtand. To the center E is fixed one end of a 
thread , called the Plumb Line, which has a ſmall weight or plummet P fixed to it's 
other end. Now, if an obſerver holds the Quadrant upright, without inclining it to 
either fide, and ſo that the Horizon at I is ſeen through the ſight-holes @ and 5, the 
plumb-line will cut or hang over the beginning of the degrees at o, in the edge EC ; 
but if he elevates the Quadrant ſo as to look through the ſight-holes at any part of the 
Heavens, ſuppoſe to the Sun at &; juſt ſo many degrees as he clevates the ſight-hole b above 
the horizontal line HO, ſo many degrees will the plumb-line cut in the limb CP of the 


Quadrant, For, let the obſerver's eye at 4 be in the center of the celeſtial arch - Y 4 | 
3 2 | an 
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of this ſhort Chapter, and take the Aſtronomer's. word for it, that PLATE 11I, 
the diſtances of the Sun and Planets are as ſtated in the firſt Ge 88 
ter of this Book. But, to every one who knows how to take the 
Altitude of the Sun, the Moon, or a Star, and can ſolve a plain right- 
angled Triangle, the following method of finding the diſtances of the 
Sun and Moon will be eaſily underſtooe. moo 
179. Let BAG be one half of the Earth, CA or C its Semidia- Fig. 1. 
meter, & the Sun, » the Moon, and EKO a quarter of the circle 
deſcribed by the Moon in her apparent diurnal Motion. Let the 
line CLRS be the rational Horizon of an inhabitant at A extended 
out to the Sun in the Heavens; and HAO his ſenſible Horizon ex- 
tended to O in the Moon's Orbit. ALC is the Angle under which 
the Semidiameter (or Semidiſk).of the Earth is ſeen from the. Moon 
at L, equal to the Angle OAL; both Angles lying between the 
parallel lines AO and CL. ASC. is the Angle under which the 
Earth's Semidiameter appears as ſeen from the Sun &; being equal 
to the Angle Ae, both lying between the ſame parallel lines. It is 
found by obſervation, that the Angle dae, ot OAS, is much leſs 
than the Angle OAL; which proves that the. diſtance of the Sun 
greatly exceeds the diſtance of the Moon. See be Note on Art. 
To the Inſtrument DAE be fixed in the plane of the Moon's 
diurnal path EKL, ſo that when the Moon is on the Meridian at 
E ſhe may be viewed thro the ſight-heles of a moveable Index 
when it cuts the beginning of the diviſions at o on the graduated 
limb DE; and let the preciſe time when ſhe is fo ſeen be noted. 
The Moon appears to go round the Earth, from any Meridian : 
to the ſame Meridian again in 24 hours 48 minutes; and therefote 
the will go a fourth part round it, as from E to L, in a fourth part 
of that time, v:z. in 6 hours 12 minutes, as ſeem from C; that is, from 
the Earth's center or pole. But as ſeen from A, the obſerver's place ' 
on the Earth's ſurface, the Moon will ſeem to have gone a quarter 
round the Earth when ſhe comes to O; for the Index thro the 


(and he may be ſaid to be in the center of the Sun's, apparent diurnal Orbit, Jet him 
be on what part of the Earth he will) in which arch the Sun is at that time, ſuppoſe 
25 degrees high, and let the obſerver hold the Quadrant fo that he may ſee the Sun 
through the ſight-holes; the plumb-line freely playing on the Quadrant will cut the 
25th degree in the limb CP equal to the number of degrees of the Sun's Altitude at 
the time of obſervation. N. B. Whoever looks at the Sun, muſt have a ſmoaked plaſs 
before his eyes to fave them from hurt. The better way is, not to look at the Sun 
through the ſight-holes, but to hold the quadrant facing the eye, at a little diſtance, 
and fo that the Sun ſhining through one hole, the ray may be ſeen to fall on the other, 
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fights of which ſhe is then viewed will be at d, go degrees from P, 
where it was when ſhe: was ſeen at E. Now, let the exact moment 
of her being ſeen at O in the ſenſible Horizon, be carefully noted *, 
that it may be known in what time ſhe has gone from E to O; which 
time ſubtracted from 6 hours 12 minutes (the time of her going 
from E to L) leaves the time of her going from O to L, and affords 
The Moon's an eaſy method for finding the Angle OAL (called the Moon's hori- 
noriontat  Zontal Parallax, which is equal to the Angle ALC) by the follow- 
what. ing Analogy: As the time of the Moon's deſcribing the arch EO 
is to 90 degrees, ſo is 6 hours 12 minutes to the degrees of the 
Arch EOL, which ſubtends the Angle EAL ; from which ſub- 
tract 90 degrees, and it leaves the Angle OAL, equal to the 
Angle ALC, under which the Earth's Semidiameter AC, is ſeen 
from the Moon. Now, ſince all the Angles of a right-lined Tri- 
angle are equal to 180 degrees, or to two right Angles, and the ſides 
of a Triangle always proportional to the Sines of the oppoſite Angles, 
ſay, by the Rule of Three, as the Sine of the Angle ALC at the Moon 
The Moon's L is to its oppoſite ſide AC; the Earth's Semidiameter, which is known 
dittance de- to be 3985 miles, ſo is Radius the Sine of 9o degrees, or the right 
termined. Angle ACL to its oppoſite ſide AL, which is the Moon's diſtance at 
L from the obſerver's place at A on the Earth's ſurface ; or, fo is the 
Sine of the Angle CAL to its oppoſite fide CL, which is the Moon's 
diſtance from the Earth's centre, and comes out at a mean ſtate to 
be 240,000 miles. The Angle CAL is equal to what OAL wants 
of 9o degrees. | . de 
180. The Sun's diſtance from the Earth is found the ſame way, 


The Sun's di · but with much greater difficulty; becauſe his horizontal Parallax, or 


* the Angle OAS equal to the Angle ASC, is fo ſmall as to be hardly 
atly deter- perceptible, being only 10 ſeconds of a minute, or the 360th part of 
mined as the a degree. But the Moon's horizontal Parallax, or Angle CAL equal 
Moon's: to the Angle ALC, is very diſcernible ; being 58 minutes 11 ſeconds, 
or 3491 ſeconds, at its mean ſtate ; which is more than 340 times 
as great as the Sun's : and therefore, the diſtances of the heavenly 
bodies being inverſely as their horizontal Parallaxes, the Sun's diſtance 
from the Earth muſt be more than 340 times as great as the Moon's ; 
and is rather underſtated at 81 millions of miles, when the Moon's 
diſtance is certainly known to be 240 thouſand. But becauſe, ac- 
cording to ſome Aſtronomers, the Sun's horizontal Parallax is 11 ſe- 


conds, and to others only 10, the former Parallax making the Sun's 


* Here proper allowance muſt be made for the Refractions, which being about 34 
minutes of a degree in the Horizon, will cauſe the Moon's center to appear ſo far 
above the Horizon when her center is really in it, 173. 

2 N hor' = 
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diſtance to be about 75 million 840 thouſand miles, and the PLATE III. 
latter 83 million 520 thouſand ; we may take it for granted, 
that the Sun's diſtance is not leſs than as deduced from the for- 

mer, nor more than as ſhewn by the latter: and every one who 
is accuſtomed to make ſuch obſervations, knows how hard it is, if 
not impoſſible, to avoid an error of a ſecond ; eſpecially on account 
of the inconſtancy of horizontal Refractions. And here, the error 
of one ſecond, in ſo ſmall an Angle, will make an error of 7 million 
680 thouſand miles in ſo great a diſtance as the Sun's. But Dr. 
HALLEV has ſhewn how the Sun's diſtance may be known to within Now near the 
a 500th part of the whole, by a Tranſit of Venus over his Diſc, which truth it may 
| will happen on the 6th of June, in the year 1761; till which time dune fle- 
we mult content ourſelves with allowing his diſtance to be about 81 
millions of miles, as commonly-ſtated by Aſtronomers. 3 

181. The Sun and Moon appear much about the ſame bulk : 

And every one who underſtands Geometry, knows how their true 
bulks may be deduced from the apparent, when their real diſtances The Sun 

are known; Spheres being to one another as the Cubes of their Di- 1 Fo 3 
ameters; whence, if the Sun be 81 millions of miles from the Earth, than the . 

to appear as big as the Moon, whoſe diſtance does not exceed 240 Moon. 
thouſand miles, he muſt, in ſolid bulk, be about 40 millions of times ä 
as big as the Moon. | | £ 

182, The horizontal Parallaxes are beſt obſerved at the Equator ; 
1. becauſe the heat is ſo nearly equal every day, that the Refrac- 
tions are almoſt conſtantly the ſame. 2. Becauſe the parallactic 

Angle is 88 there as at A, than upon any parallel of Latitude, 
as 4 or 6. 

183. The Earth's diſtance from the Sun being determined, the _ 
diſtances of all the other Planets from him are eaſily found by the 2 _— 
following analogy, their periods round him being aſcertained by ob- the planets 
ſervation. As the ſquare of the Earth's period round the Sun is to from the Sun 
the cube of its diſtance from him, ſo is the ſquare of the period of arts og 
any other Planet to the cube of it's diſtance, in ſuch parts or meaſures bn, tho! their | 
as the Earth's diſtance was meant; ſee F 114. This proportion gives real diſtances 
us the relative mean diſtances of the Planets from the Sun to the fn well 
oreateſt degree of exactneſs; and they are as follows, having been 
deduced from their periodical times, according to the law juſt men- 


tioned, both by KeeLER and Sir Isa Ac NEWTON, 


Fig. L 


| # | Periodical | 


— . 
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Periogical times in days, and decimal parts of a day. 
Saturn Jupiter Mars The Earth Venus Mercury 
10759.275 4332-514 686.9785 365.2565 224.6176 87.9692 
Mean diſtances from the Sun. 
954006 520046 152369 100000 972333 38710 


| 184. By comparing theſe Proportions of the diſtances of the Sun 
| and Planets, with the Proportions of their apparent diameters mea- 
| ſured by a Micrometer, we have the Proportion of their real diame- 
ters, vis. | | 


Sun Saturn Jupiter Mars Earth Venus Mercury Moon 
1000 790 996 57 109 112 40 30 


| In this Proportion Venus comes out ſomewhat bigger than the 
| Earth; but, as determined by Mr, WuisToN from EE. 
; obſervations, ſhe is not quite ſo big. See the Table at the end of the 
firſt Chapter of this Book, 
185. TheEarth's Axis produced to the Stars, being carried * parallel 
to itſelf during the Earth's annual revolution, it deſcribes a circle in 
the Sphere of the fixed Stars; equal to the Orbit of the Earth. But 
Why the ce- this Orbit, tho' very large in itſelf, if viewed from the Stars, would 
8 8 x 4p no bigger than a point ; and conſequently, the circle deſcribed in 1 
{illin the the Sphere of the Stars by the Axis of the Earth produced, if viewed | 
lame points from the Earth, muſt appear but as a point; that is, it's diameter | 
ned cate appears too little to be meaſured by obſervation : for Dr. BRaDLEY 
ſanding the has aſſured us, that if it had amounted to a ſingle ſecond, or two at 
| rea. moſt, he ſhould have perceived it in the great number of obſerva- | 
= the Sun, tions he has made, eſpecially upon Y Draconis, and that it ſeemed to | 
him very probable that the annual Parallax of this Star is not fo great 
as a ſingle ſecond ; and conſequently, that it is above 400 thouſand 
. times farther from us than the Sun. Hence the celeſtial poles ſeem 
| to continue in the ſame points of the Heavens throughout the year ; 
which by no means difproves the Earth's annual motion, but plainly 


proves the diſtance of the Stars to be exceeding great. 


* By this is meant, that if a line be ſuppoſed to be drawn parallel to the Earth's 
Axis in any part of it's Orbit, the Axis keeps parallel to that line in every other part 
of its Orbit: as in Fig. I. of Plate IV; where abedefgb repreſents the Earth's Orbit 
io an oblique view, and Ns the Earth's Axis keeping always parallel to the line 


MV. | 
2 | 186. 
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The amazing velecity of Light. 


75 


186. The ſmall apparent motion of the Stars, $ 115, diſcovered PLATE III. 


by that great Aſtronomer, he found to be no ways owing to their 
annual Parallax (for it came out contrary thereto) but to the Aberra- 
tion of their light, which can reſult from no known cauſe. beſides 


that of the Earth's annual motion; and as it agrees ſo exactly there- The amazing 
with, it proves beyond diſpute that the Earth has ſuch a motion : for 3 of 


this Aberration compleats all it's various Phenomena every year; and s 2 


proves that the velocity of ſtar- light is ſuch as carries it through a 
ſpace equal to the Sun's diſtance from us in 8 minutes 13 ſe- 
conds of time. Hence, the velocity of light is 10 thouſand 210 


times as great as the Earth's velocity in it's Orbit; which velocity (from 
what we know already of the Earth's diſtance from the Sun) may 


be aſſerted not to be leſs than between 57 and 58 thouſand miles 
every hour: and ſuppoſing it to be 58000, this number multiplied by 
the above 10210, gives 592 million 180 thouſand miles for the 
hourly motion of light : which laſt number divided by 360d, the 


number of ſeconds in an hour, ſhews that light flies at the rate of 


more than 164 thouſand miles every ſecond of time, or ſwing of a 
common clock pendulum. 
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The different lengths of days and nights, and the vici ſſi- 
tudes of ſeaſons, explained. The Phenomena of Saturn's 
Ring farther explained; (See & 83 and 84.) 


187. TF the reader be hitherto unacquainted with the principal 


circles of the Globe, he ſhould now learn to know them ; Circles of the 
which he may do ſufficiently for his preſent purpoſe in two or three mi- Sphere. 


nutes, if he ſets the ball of a terreſtrial Globe before him, or looks at 


the F igure of it, wherein theſe circles are drawn and named. The *'s- 4 [, 


Equator is that great circle which divides the northern half of the 
Earth from the ſouthern. The Tropzcs are leſſer circles parallel to 
the Equator, and each of them is 235 degrees from it; a degree in 
this ſenſe being the 36oth part of any great circle which divides the 
Earth into two equal parts. The Tropzc of Cancer lies on the north 


ſide of the Equator, and the Tropic of Capricorn on the ſouth. The 
| L Arctic 
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PLATE. Arctic Circle has the North Pole for it's centre, and is juſt as far from 
Equator,Tro- the north Pole as the Tropics are from the Equator: and the Antarctic 
a s Circle (hid by the ſuppoſed convexity of the Figure) is juſt as far 
Poles, from the South Pole, every way round it. Theſe Poles are the very 
north and ſouth points of the Globe: and all other places are deno- 
Fig. II. minated northward or ſouthward, according to the fide of the Equa- 
tor they lie on, and the Pole to which they are neareſt. The Earth's 
Earth's Axis. Axis is a ſtraight line paſſing through the center of the Earth, per- 
pendicular to the Equator, and terminating in the Poles at it's ſur- 
face, & 20. This, in the real Earth and Planets is only an imagi- 
nary line ; but in artificial Globes or Planets it is a wire by which 


they are ſupported ; and turned round in Orreries, or fuch like ma- 


| Meridian, Chines, by wheel-work. The circles 12 1 2 3 4, Sc. are Meridians 


to all places they paſs through ; and we muſt ſuppoſe thouſands more 
to be drawn, becauſe every place that is ever ſo little to the eaſt or 
welt of any other place, has a different Meridian from that other 
place. All the Meridians meet in the Poles; and whenever the Sun's 
centre is upon any Meridian in his apparent motion round the Earth, 
it is mid-day or noon to all places on that Meridian. | 

188. The broad Space lying between the Tropics, like a girdle 
Zones. about the Globe, is called the forrid Zone, of which the Equator is 
in the middle, all around. The Space between the Tropic of Cancer 
and Arctic Circle 1s called the North temperate Zone. That between 
the Tropic of Capricorn and the Antarctic Circle, the South temperate 
Zone. And the two circular Spaces lying within the polar circles 
are the two Frigid Zones; denominated north or ſouth, from that Pole 
which is in the center of 'the one or the other of them. 

189. Having acquired this eaſy branch of knowledge, the learner 
may proceed to make the following experiment with his terreſtrial 
ball; which will give him a plain idea of the diurnal and annual mo- 
tions of the Earth, together with the different lengths of days and 
nights, and all the beautiful variety of ſeaſons, depending on thoſe 

motions. | 
pig II. Take about ſeven feet of ſtrong wire, and bend it into a circular 
Apleaſantex-form, as abcd, which being viewed obliquely, appears elliptical 
le wing the as in the Figure. Place a lighted. candle on a table, and hav- 
different ing fixt one end of a ſilk thread K, to the north pole of a ſmall 


pr. - terreſtrial Globe H, about three inches diameter, cauſe another per- 


nights, and Jon to hold the wire circle fo that it may be parallel to the table, and 


the variety ofas high as the flame of the candle IJ, which ſhould be in or near the 
{cxtons. center. Then, having twiſted the thread as towards the left _ 
15 | t 


that by untwiſting it may may turn the Globe round eaſtward, or 
contrary to the way that the hands of a watch move; hang the Globe 
by the thread within this circle, almoſt contiguous. to it; and as the 
thread untwiſts, the Globe (which is enlightened half round by the 
candle as the Earth is by the Sun) will turn round its Axis, and the 
different places upon it will be carried. thro' the light and dark He- 
miſpheres, and have the appearance of a regular ſucceſſion of days 
and nights, as our Earth has in reality by ſuch a motion. As the 
Globe turns round, move your hand ſlowly ſo as to "oy the Globe 
round the candle according to the order of the letters abca, keeping 
it's center even with the wire circle; and you will perceive, that the 
candle being ſtill perpendicular to the Equator, will enlighten the 
Globe from pole to pole in it's whole motion round the circle; and 
that every place on the Globe goes equally thro' the light and the 
dark, as it turns round by the untwiſting of the thread, and there- 
fore has a perpetual Equinox. The Globe thus turning round repre- 
ſents the Earth turning round its Axis; and the motion of the Globe 


round the candle repreſents the Earth's annual motion round the 
Sun: and ſhews, that if the Earth's Orbit had no inclination to 


it's Axis, all the days and nights of the year would be equally long, 
and there would be no different ſeaſons. But now, deſire the per- 
ſon who holds the wire to hold it obliquely in the poſition ABCD, 
raiſing the fide $ juſt as much as he depreſſes the fide: W, that the 
flame may be ſtill in the plane of the circle; and twiſting the thread 
as before, that the Globe may turn round its Axis the ſame way as 


you carry it round the candle; that is, from weſt to eaſt, let the 


Globe down into the lowermoſt part of the wire circle at W, and if 
the circles be properly inclined, the candle will ſhine perpendicularly 
on the Tropic of Cancer, and the frigid Zone, lying within. the arctit 
or north — Circle, will be all in the light, as in the Figure; and 
will keep in the light let the Globe turn round its Axis ever ſo often. 
From the Equator to the north polar Circle all the places have longer 
days and ſhorter nights; but from the Equator to the ſouth pe 

Circle juſt the reverſe. To any part of the north frigid Zone the 
Sun does not ſet, as ſhewn by the candle's ſhining on it fo, that the 


motion of the Globe can carry no place of that Zone into the dark: | 


and at the ſame time the ſourh frigid Zone is involved in darkneſs, 
and the turning of the Globe brings none of its places into the light. 
If the Earth were to continue in the like part of its Orbit, the Sun 
would never ſet to the inhabitants of the north frigid Zone, nor riſe 


to thoſe of the ſouth. At the Equator it would be always equal day 
| . 


2 ; an 
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Summer Sol. 
ſtice. 
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Autumnal 
Equinox, 


ſtice. 


nox. 


there is but one day and one night in a whole year at the Poles; and 
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and night; and as the places are gradually more and more diſtant from the 
Equator, towards the arctic Circle, they would have longer days and 
ſhorter nights, whilſt thoſe on the ſouth fide of the Equator would 
have their nights longer than their days, In this caſe there would 
be continual ſummer on the north fide of the Equator, and continual 
winter on the ſouth fide of it. 1 7 1. 
But as the Globe turns round its Axis, move your hand ſlowly for- 
ward fo as to carry the Globe from ¶ towards E, and the boundary of 
light and darkneſs will approach towards the north Pole, and recede 
towards the ſouth Pole; the northern places will go thro' leſs and leſs 
of the light, and the ſouthern places thro' more and more of it; 
ſhewing how the northern days decreaſe in length, and the ſouthern 
days increaſe, all the way from H to F. When the Globe is at 
E, it is at a mean ſtate between the loweſt and higheſt parts of it's 
Orbit ; the candle is directly over the Equator, the boundary of light - 
and darkneſs juſt reaches to both the Poles, and all places on the 
Globe go equally through the light and dark Hemiſpheres, ſhewing 
that the days and nights are then equal at all places of the Earth, the 
Poles only excepted; for the Sun is then ſetting to the north Pole, 
and riſing to the ſouth Pole. | Pet 
Continue moving of the Globe forward, and as it goes thro the 
uarter A, the north Pole recedes ſtill farther into the dark Hemi- 
ſphere, and the ſouth Pole advances more into the light, as the Globe 
comes nearer to S; and when it comes there at F, the candle is 
directly over the Tropic of Capricorn, the days are at the ſhorteſt, and 


nights at the longeſt, in the northern Hemiſphere, all the way from 


the Equator to the arctic Circle; and the reverſe in the ſouthern 


Winter Sol- Hemiſphere from the Equator to the antarctic Circle; within which 


Circles it is dark to the north frigid Zone, and light to the ſouth. 
Continue both motions, and as the Globe moves thro' the quarter 
B, the north pole advances toward the light, and the ſouth pole re- 
cedes as faſt from it; the days lengthen in the northern Hemiſphere, 
and ſhorten in the ſouthern, until the Globe comes to G, when the 
candle will be again over the Equator (as when the Globe was 
atE) and the days and nights will again be equal as formerly: and the 
out of it. HEE 
Thus we ſee the reaſon why the days lengthen and ſhorten from 
the Equator to the polar Circles every year; why there is no day or 
night for ſeveral turnings of the Earth, within the polar Circles; why 


Vernal Ecui- north Pole will be juſt coming into the light, the ſouth Pole going 
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Of the different Seaſons. 
why the days and nights are equally Rog all the year round at nn 
Equator, which is always ra, cut by the circle bounding 1 — 
and darkneſs. | 
190. The inclination of an Axis of Orbit 5 metely relative, be- Rem. 
cauſe we compare it with ſome other Axis or Orbit hich we con- 5 
ſider as not inclined at all. Thus, our Horizon being level to us, 
whatever place of the Earth we be upon, we conſider it as having 
no inclination ; and yet, if we travel 90 degrees from that place, We Fig III. 
ſhall then have an Horizon perpendicular to the former; but it will - ' © - 
ſtil: be level to us. And, if we hold this Book ſo ag the Cirele / 
ABCD be parallel to the Horizon, both the Circle ard) and e 
Thread or Axis K will be inclined to it. But if we Hold the Book 
or Plate ſo, as the Thread be perpendicular to the Horizon, then the 
Orbit ABCD is inclined to the Thread and the Orbit abr erpen- 
dicular to it, and parallel to the Horizon. We generally conſider the 
Earth's annual Orbit as having no inclination” and ar Orbits of all F 
the other Planets as inclined to it; H 99h 2 N 
191. Let us now take a view G dhe Earth in its Anal courſe | 
round the Sun, confidering it's Orbit as having no inclination ; and 
it's Axis as inclining 237 degrees to s Orbit, and keeping ae Mo, | 
ſame oblique direction in all parts of it's annual courlſe ; = 6," as Þ$; 4 i A <  w\ 
monly termed, keeping always parallel to itſelf,” & 185. | | 
Let 4,6,c,d,c,f,g,h, be the Earth in eight different var "of it's Or- LATE w. * 
bit, equidiſtant from one another; NM. it's Axis, N the north Pole, 5 r * 
the ſouth Pole, and S the Sun nearly in the center of the Earhs 
Orbit, § 19. As the Earth goes round the Sun according to the or- | 
der of the letters abcd, &. it's Axis Ns keeps the fame obliquity, and Alebnelle | 
is {till parallel to the line MN. When the Earth is at a, its north view of he 
Pole inclines towards the Sun, and brings all the northern places {#fv>. © 
more into the light than at any other time of the year; But when 7 
the Earth is at e in the oppoſite time of the year, the north Pole de- | 
clines from the Sun, h be the northern places to be more 
in the dack than in the light; and the reverſe at the ſouthern places, 
as is evident by the Figure, which 1 have taken from Dr. Loves 
Aſtronomy. When the Earth is either at c or g, it's Axis neither in- 
clines to nor from the Sun, but lies ſidewiſe to him; and then the 
boundary of light and darkneſs goes thro' the Poles ; and the ee 
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All Circles appear ainſi in an 8 view, as is evident by looking obliquely at 

the rim of a baſon. For the true figure of. a Circle can be only ſcen When the eye ig 1 
dircAly over it's center. The moze, obliquely it is viewed, the more elliptical it ap- 

Pcars, until the eye be even with it's plane, and then | It appears like a ſtrait line. 
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PLATE IV: ing directly over the Equator, makes equal day and night at all places. 
When the Earth is at & it is half way between the Summer Solſtice 
and Harveſt Equinox; when it is at d it is half way from the Har- 
veſt Equinox to the Winter Solſtice ; at F half way from the Winter 
Solſtice: to the Spring Equinox: and at + half way from the Spring 
Equinox to the Summer Solſtice. | 

192. From this oblique view -of the Earth's annual. Orbit, let us 
ſuppoſe ourſelves, to bu raiſed far above it, and placed juſt over it's 

Fig. 11, center &, looking down upon it from it's north pole; and as the 
Earth's Orbit difters but- very little from a Circle, we ſhall have it's 

The Ecliptic, figure in ſuch a view repreſented by the Circle ABCDEFGH. Let us 
ſuppoſe! this Circle to be divided into 12 equal parts called Signs, 
having their names affixt to them; and each Sign into 30 equal parts 

called Degrees, numbered 10, 20, 30, as in the outermoſt Circle of 

The ſeaſons inthe Figure, which repreſents the great Ecliptic in the Heavens. The 

r. Earth is ſhewn in eight different poſitions in this Circle, and in each 

and its Orbit. poſition & is the Equator, T the Tropic of Cancer, the dotted Cirele 
the parallel of at ox Uthe arctic or north polar Circle, and P the 
north Pole where all the Meridians or hour Circles meet, 5 187. As 
the Earth goes round the Sun the north Pole keeps conſtantly to- 
wards one part of the Heavens, as it keeps in the Figure towards the 
right hand ſide of the Plate. : 

When the Earth isat the beginning of Libra on the 2oth of March, 
in this Figure (as at g in Fig. I.) the Sun S, as ſeen from the Earth, 
Vernal Equi- appears at the beginning of Aries in the oppoſite part of the Hea- 
TY vens *, the north Pole is juſt coming into the light, the Sun is ver- 

tical to the Equator ; which, together with the Tropic of Cancer, pa- 
rallel of Tas and arctic Circle, are all equally cut by the Circle 
bounding light and darkneſs, coinciding with the fix o'clock hour 
Circle, and therefore the days and nights are equally long at all places: 
for every part of the Meridian AT.La comes into the lig t at ſix in the 
morning, and revolving with the Earth according to the order of the 
hour-letters, goes into the dark at fix in the evening. There are 24 Me- 
ridians or hour-Circles drawn on the Earth in this Figure, to ſhew the 
time of Sun riſing and ſetting at different Seaſons of the Year. 
As the Earth moves in the Ecliptic according to the order of the 
letters ABCD, &c. through the Signs Libra, Scorpio, and Sagittarius, 
the north Pole comes more and more into the light; the days increaſe 


* Here we muſt ſuppoſe the Sun to be no bigger than an ordinary point (as „) be” 
cauſe he only covers a Circle half a degree in diameter in the Heavens; whereas in 


the Figure he hides a whole Sign at once from the Earth, 
| as 
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as the nights decreaſe in length, at all places north of the Equator A; LaIE IV. 
which is plain by viewing the Earth at 6 on the 5th of May, when 8 
it is in the 15th degree of Scorpio *, and the Sun as ſeen. from 
the Earth appears in the 15th degree of Taurus. For then, the bie 11 
Tropic of Cancer Tis in the light from a little after five in the morn- 
ing till almoſt ſeven in the evening; the parallel of London from half 
an hour paſt four till half an hour paſt ſeven; the polar Circle U from 
three till nine; and a large track round the north Pole P has all the 
24 hours day, for many rotations of the Earth on it's Axis. | 

When the Earth comes to c, at the beginning of Capricorn, and 
the Sun as ſeen from the Earth appears at the beginning of Cancer, 
on the 21ſt of June, as in this Figure, it is in the poſition à in Fig. I; 
and it's north Pole inclines toward the Sun, fo as to bring all the north 
frigid Zone into the light, and the northern parallelsof latitude more into 
the light than the dark from the-Equator to the polar Circles; and 
the more ſo as they are farther from the Equator. The Tropic of 
Cancer is in the light from five in the morning till ſeven at night, 
the parallel of London from a quarter before four till a quarter after 
eight; and the polar Circle juſt touches the dark, ſo that the Sun has 
only the lower half of his diſc hid from the inhabitants on it for a summer Sol- 
few minutes about midnight, ſuppoſing an even Horizon and no Re- ſtice. 
fractions. c r ft et ob 
A bare view of the Figure is enough to ſhew, that as the Earth 
advances from Capricorn to Aries, and the Sun appears to move from 
Cancer toward Libra, the north Pole recedes toward the dark, which 
cauſes the days to decreaſe, and the nights to increaſe in length, till 
the Earth comes to Aries; and then they are equal as before, for the autumnal E- 
boundary of light and darkneſs cuts the Equator and all its parallels quinox. 
equally, or in Fatres The north pole then goes into.the dark, and 
continues therein until the Earth goes half way round its Orbit ; or, 
from the 23d of September till the 20th of March. In the middle 
between theſe times, viz. on the 22d of December, the north Pole is the 
fartheſt that it can be in the dark, which is 234 degrees, equal to 
the inclination of the Earth's Axis from a perpendicular to it's Orbit: winter Sol- 
and then, the northern parallels are as EL in the dark as they were vice. 
in the light on the 21ſt of June; the winter nights being as long as 
the ſummer days, and the winter days as ſhort as the ſummer nights. 
It is needleſs to multiply words on this ſubject, as we ſhall have oc- bay 
caſion to mention the 7-afons again in deſcribing the Orrery, $402. Only 
this muſt be noted, that what has been faid of the northern Hemi- 


* Here we muſt ſuppoſe the Earth to be a much ſm-ller point than that in the pre- 
ceding note marked for the Sun, : 
M ſphere, 
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PLATE IV. ſphere, the contrary is to be underſtood of the ſouthern; for on dif- 


The Pheno- 
mena of Sa- 
turn's Ring. 


Fig. III. 


rent ſides of the Equator the ſeaſons are contrary; becauſe, when 
the northern Hemiſphere inclines toward the Sun the ſouthern declines 
from him. 

193. As Saturn goes round the Sun, his obliquely poſted ring, 
like our Earth's Axis, keeps parallel to itſelf, and is therefore turned 
edgwiſe to the Sun twice in every Saturnian year, which is almoſt as 
long as 30 of our years, & 80. But the ring, r conſiderably 
broad, is too thin to be ſeen when it is turned edgewiſe to the Sun, at 
which time it is alſo edgewiſe to the Earth; and therefore it diſappears 
once in every fifteen years to us. As the Sun ſhines half a year on the 
north pole of our earth, then diſappears to it, and ſhines as long on 
the ſouth pole ; ſo, during one half of Saturn's year the Sun ſhines 
on the north ſide of his ring, then diſappears to it, and ſhines as long 
on it's ſouth ſide. When the Earth's Axis inclines neither to nor 
from the Sun, but fidewiſe to him, he juſt leaves off ſhining on one 
pole, and begins to enlighten the other ; and when Saturn's Ring in- 
clines neither to nor from the Sun, but ſidewiſe to him, he leaves off 
ſhining on the one ſide of it, and begins to ſhine upon the other. : 

Let ABCDEFGH be Saturn's Orbit, IXLMNO the Earth's Or- 
bit, and & the Sun. Both theſe Planets move according to the order 
of the letters, and when Saturn is at A his ring is turned edgewiſe to 
the Sun &, and he isthen ſeen from the Earth as if be had loſt his ring, 
let the Earth be in any part of its Orbit except between I and O, for 
whilſt it deſcribes that ſpace, Saturn is apparently ſo near the Sun as. 
to be hid in his beams. As Saturn goes from A to C his ring appears 


more and more open to the Earth, as its plane dips more and more 


below the Earth's Orbit : at C the ring appears moſt open of all ; 
and ſeems to grow narrower and narrower as Saturn goes from C to 
E; and when he comes to E, the ring is again msk edgewiſe both 
to the Sun and Earth: and as neither of it's ſides are illuminated, it is 
inviſible to us, becauſe it's edge is too thin to be perceptible : and 
Saturn again appears as if de had loſt his ring. But as he goes 
from E to G, his ring opens more and more to our view on the un- 
der ſide; and ſeems aſt as wide at G as it was at C; and may be 


| ſeen in the night-time from the Earth in any part of its Orbit, fave 
about M, when the Sun hides the Planet from our view. As Saturn 


goes from G to A his ring turns more and more edgewiſe to 
us, and therefore it ſeems to grow narrower and narrower ; and at 
Ait diſappears as before. Hence, while Saturn goes from A to E 
the Sun ſhines on the upper ſide of his ring, and the under fide is 

5 dark ; 
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dark ; but whilſt he goes from E to A the Sun ſhines on the under PLATE Iv. 
{ide of his ring, and the upper {ide is dark. | . 
It may perhaps be imagined that this Article might have been 
placed more properly after 5 81 than here: but when the candid 
reader conſiders that all the various Phenomena of Saturn's Ring de- 
pends upon a fimilar cauſe to that of our Earth's ſeaſons, he will 
readily allow that they are beſt explained together; and that the Fig. I & III. 
two Figures ſerve to illuſtrate each other. | 

194. The Earth's Orbit being elliptical, and the Sun conſtantly 
keeping in its lower Focus, which is 1,377,000 miles from the mid- The Rank 
dle point of the longer Axis, the Earth comes twice that much, or nearer the 
2,754,000 miles nearer the Sun at one time of the year than ano- hun in winter 
ther: for the Sun ring under a larger Angle in our winter mer. 
than ſummer, proves that the Earth is nearer the Sun in winter, (/ee 
the Note upon Art. 175.) But here, this natural queſtion will ariſe, 
Why have we not the hotteſt weather when the Earth is neareſt the 
Sun? In anſwer to which, it muſt be obſerved, that the exentricity 
of the Earth's Orbit, or 1 million 377 miles bears no greater pro- 
portion to the Earth's mean diſtance from the Sun than 17 does to- 
1000; and therefore, this ſmall difference of diſtance cannot occaſion why the w: a- 
any great difference of heat or cold. But the principal cauſe of ther is colce 
this difference is, that in winter the Sun's rays fall ſo obliquely gab in near 
upon us, that any given number of them is ſpread over a much eſt the Sun. 
greater portion of the Earth's ſurface where we live; and therefore 
each point muſt then have fewer rays than in fummer. Moreover, there 
comes a greater degree of cold in the long winter nights, than there 
can return of heat in ſo ſhort days ; and on both theſe accounts the 
cold mult increaſe. But in ſummer the Sun's rays. fall more per- 
pendicularly upon us, and therefore come with greater force, and in 
greater numbers on the ſame part; and by their long continuance, a 
— greater degree of heat is imparted by day than what can fly off 
by night. | 

That a greater number of rays fall on the ſame place, when they 

come perpendicularly, than when they come obliquely on it, will 
appear by the Figure. For, let AB be a certain number of the Fig. II. 
Sun's rays falling on CD (which, let us ſuppoſe to be London) on 
the 22d of June: but, on the 22d of December, the line CD, or 
London, has the oblique poſition Cd to the ſame rays ; and therefore 
ſcarce a third of them falls upon it, or only thoſe between A and 
e ; all the reſt eB being expended on the ſpace dP, which is more 
than double the length of CD or 1 Beſides, thoſe parts which are 

2 Once 
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The Method of finding the Longitude 


once heated, retain the heat for ſome time; which, with the addi- 
tional heat daily imparted, makes it continue to increaſe, though the 
Sun declines: toward the ſouth: and this is the reaſon why July is 
hotter than June, though the Sun has withdrawn from the ſummer 


Tropic; as we find it is generally hotter at three in the afternoon, 


when the Sun has gone towards the weſt, than at noon when he is 
on the Meridian. Likewiſe, thoſe places which are well cooled take 
time to heat them again; as the Sun's rays do not heat even the 
ſurface of any body till they have been ſome time upon it. And 
therefore we find January for the moſt part colder than December, 
although the Sun has withdrawn from the winter Tropic, and be- 
gins to dart his beams more perpendicularly upon us, when we have 
the poſition CF. An iron bar is not heated immediately upon being 
put into the fire, nor grows cold till ſome time after it has been 


taken out. 


n 


The Method of finding the Longitude by the Eclipſs of 


Firſt Meridi- 
an, and Lon- 
gitude of 

places, what. 


 Fupiter's Satellites: The amazing Velocity of Light 
demonflrated by theſe Eclipſes. ©: . 


195. Co oe pitch arbitrarily upon the Meridian of ſome 

1 remarkable place, and call it the fir/# Meridian. There 
they begin their reckoning ; and juſt ſo many degrees and minutes 
as any other place is to the eaſtward or weſtward of this Meridian, 
ſo much is its eaſt or weſt longitude. A degree is the 360th part of 
a Circle, be it great or ſmall; and a minute the 6oth part of a 


degree. The Engl/h Geographers reckon the Longitude from the 


Fig. II. 


Meridian of the Royal Obſervatory at Greemo:ch, and the French from 
the Meridian of Paris. | | 
196. If we imagine twelve great Circles; one of which is the Me- 

ridian of any given place, to interſect each other in the two Poles of 
the Earth, and to cut the Equator A at every 15th degree, they 
will be divided by the Poles into 24 Semicircles, which divide the 
Equator" into 24 equal parts; and as the Earth turns on it's _ 

| | I eir 


by the Eclipſes of Fupiter s Moons: 85 


their planes come ſucceſſively after one another every hour to the PLATE, I. 
Sun. As in an hour's time there is a revolution of 15 degrees of Hour Circles. 
the Equator, in a minute of time there will be a revolution of 1 5 3 
2 0 4 „ « | — ur o 
minutes of the Equator, and in a ſecond of time a revolution of W 


ſeconds. There is a Table annexed to this Chapter, for redueing i; degrees of 


mean ſolar time into degrees and minutes of the terreſtrial Equator; motion. 
and alſo for converting degrees and parts of the Equator into time. 

197. Becauſe the Sun enlightens only one half of the Earth at 
once, as it turns round-it's Axis he riſes to ſome places at the ſame pig. I. 
moments of abſolute Time that he ſets to others; and when it is 
mid-day to ſome places, it is midnight to others. The XII on the 
middle of the Earth's enlightened ſide, next the Sun, ſtands for mid- 
day; and the oppoſite XII on the middle of the dark fide, for mid» 
night. If we ſuppoſe this Circle of hours to be fixt in the plane 
of the Equinoctial, and the Earth to turn round within it, any par- 
cular Meridian will come to the different hours ſo, as to ſhew the 
true time of the day or night at all places on that Meridian. Hence, 

198. To every place 15 degrees eaſtward from any given Meri- 
dian, it is noon an hour ſooner than on that Meridian; becauſe their 
Meridian comes to the Sun an hour ſooner: and to all places 15 
degrees weſtward it is noon an hour later, 5 196, becauſe their Me- 
ridian comes an hour later to the Sun; and fo on: every 15 degrees and cone. 
of motion cauſing an hour's difference in time. Therefore they who quentiy to 15 
have noon an hour later than we, have their Meridian, that is, their re - 
difference of Longitude 1 5 degrees weſtward from us; and they who . 
have noon an hour ſooner than we, have their Meridian 15 degrees 
eaſtward from ours: and ſo for every hour's difference of time 15 
degrees difference of Longitude. Conſequently, if the beginning or Lunarfclipſes: 
ending of a Lunar Eclipſe be obſerved, ſuppoſe at London, to be ex- Coding a : 
actly at midnight, and in ſome other place at 11 at night, that place Longitude. 
is 15 degrees eaſtward from the Meridian of London: if the ſame 
Eclipſe be obſerved at one in the morning at another place, that 
place is 15 degrees weſtward from the ſaid Meridian. | Vat, 

199. But as it is not eaſy to determine the exact moments either _ . 
of the beginning or ending of a Lunar Eclipſe, becauſe the Earth's |,,;}..", 2 
ſhadow through which the Moon paſſes is faint and ill defined about t<!lites much 
the edges; we have recourſe to the Eclipſes of Jupiter's Satellites, 
which diſappear ſo inſtantaneouſly as they enter into Jupiter's. ſhadow, 
or emerge ſo ſuddenly out of it, that we may count to half a ſecond 

of time. The firſt or neareſt Satellite to Jupiter is the moſt. advan- 


tageous for this purpoſe, becauſe; its motion is quicker than the mo- 


purpoſe, ,. 


better for that 
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| PLATE Iv. tion of any of the reſt, and therefore its immerſions and etnerſions 
3 are more; frequent. FELT. 2 i e bi af aut 
200. The Ergh/p Aſtronomers have made Tables for ſhewing the 
times of the Eclipſes of Jupiter's Satellites to great preciſion, for the 
Meridian of Greenuuch. Now, let an obſerver, who has theſe Tables, 
with 'a good Telefcope, and a'well-regulated Clock, at any other 
How to ſolve Place of the Earth, obterve the beginning or ending of an Eclipſe 
this ivpor- of one of Jupiter's Satellites, and note the preciſe moments of time 
tant problem. that he either ſaw the Satellite immerge into, or emerge out of the 
ſhadow, and compare that time with the time ſhewn by the Tables 
for- Greenwich, and for every hour's difference allow 15 degrees for 
the Longitude of that place from Greenwich, as above, $.197 ; and if 
there be any odd minutes of time, for every minute allow a quarter 
of a degree, eaſt or weſt, as theſe minutes are before or after the time 
ſhewn by the Tables. Such Eclipſes are very convenient for this 
purpoſe at land, becauſe they happen almoſt every day ; but are of 
no uſe at ſea, becauſe the rolling of the ſhip hinders all nice teleſcopical 
obſervations. "0 | 
Fig. II. 201. To explain this by a Figure, let be Jupiter, K, L, M. N, 
his four Satellites in their reſpective Orbits 1, 2, 3, 4; and let the 
Earth be at / (ſuppoſe in November, although that month is no 
Illoftrated by Otherway material than to find the Earth readily in this ſcheme, 
an example, where it is ſhewn in eight different parts of its Orbit.) Let Qbe a 
lace on the Meridian of Greenwich, and R a place on ſome other 
eridian. Let a perſon at R obſerve the firſt Satellite K diſappear- 
ing inſtantaneouſly into Jupiter's ſhadow, ſuppoſe at three o'clock in 
the morning; but by the Tables he finds the immerſion of that 
Satellite to be at midnight at Greemuich: he can then immediately 
determine, that as there are three hours difference of time between 
D and R, and that R is three hours forwarder in reckoning than Q, 
it muſt be 45 degrees of eaſt Longitude from the Meridian of 2, 
Were this method as practicable at ſea as at land, any failor might 
almoſt as eaſily, and with equal certainty, find the Longitude as the 
Latitude. 7 | 
Fig. II. 202.. Whilſt the Earth is going from C to F in its Orbit, the im- 
We never ſee Merſions of Jupiter's Satellites into his ſhadow are ſeen; and their 
the beginning emerſions out of it while the Earth goes from G to B. For there 
ſame Eclipſe is no ſuch thing as ſeeing both theſe appearances from the Earth in 
of any of Ju- any part of its Orbit, becauſe Jupiter ſtill hides one or other of them, 
Pier soon. ſaye only when he is directly oppoſite to the Sun; that is, when the 
Earth is at g : and even then, ſtrictly fpeaking, we can neither - 
| the 
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The Motion of Light demonſtrated. | 85 


the immerſions nor emerſions of any of his Satellites, becauſe his body PLATE v. 
being then directly between us and -his:contcat”ſhadow;'this: Satellites 
are hid by his body a few moments before they touch his ſhadour; 
and are quite emerged from thence before we oan ſes them, as it 
were, juſt, dropping from him. And when the Earth is at c, the 
Sun being betweenit and Jupiter hides both him and his Moons from us. 
In this Diagram, the Orbits of Jupiter's Moons ate dravm in true 
proportion to his diameter; but, in e to eld 
they are _ 81 times ro large: | ; ar 
203. In atever month or tne iter is in ion ww Jupiter's con- 
the 2 or in oppoſition to him, i 2 — year it nas be'a month jundion i 
later at leaſt. For whilſt the Earth goes once nd the Sun, Jupiter oppoſitions 1 
deſcribes a twelfth part of his Orbit. And therefore, when the Earth him, are een 
has finiſhed its annual period from being itt a line with the Sun and ps 
Jupiter, it muſt go as much forwarder as Jupiter has moved in that the Heavens. 
time, to overtake him again: juſt like à minute hand of a watch, 
which muſt, from any conjunction with the hour hand, go once 
round the dial plate and ſomevrhat above a twelfth Las more, to 
overtake the hour hand again. 
204. It is found by obſervation, that a> ang the Earth i; betwoetk 
the Sun and Jupiter, as at g, his Satellites are eclipſed about 8 mi- 
nutes ſooner than they ſhould be according to the Tables: and when 
the Earth is at B or C, theſe Eclipſes happen about 8 minutes later 
than the Tables ediet hem. Hence it is undeniably certain, that 
the motion of light is not inſtantanecus, finiceit rakes about 16 mi- 
nutes of time to go through a ſpace * to the diameter of the 
Earth's Orbit, which is 162 millions of miles in length: and con- 
ſequently the particles of light fly about £64 whey ar 494 miles 
every ſecond of time, which is above a million of times ſwiſter than 
a cannon bullet. And as light i056 minutes in travelling acroſs the tis 
Earth's Orbit, it muſt be 8 minutes in coming from the Sun to us. of light. 
Hence, if the Sun were annihilated we ſhould ſee him till 8 minutes 
after ; and if he were again created he would be 8 minutes old be- 
= we could ſee him. 
205. To illuſtrate this progreſſive motion of li ht, [et A and BFig. v 
be the Earth in two different parts of it's Orbit, hah diſtance is 81 
millions of miles, equal to the Earth's diſtance from the Sun S. It 
is plain, that if the motion of light were inſtantaneous, the Satel- 
lite 1 would appear to enter into Jupiter's ſhadow FF at the ſame 
moment of time to a ſpectator in A, as to another in B. But by 
many years obſervations it has been found, that the immerſion of the 
I Satellite 


Illuſtrated by 
© a Figure, 


1 
|. [Satellite into the ſhadow. is ſeen 8 minutes ſooner when the Earth is 


it's diſtance from the Sun. 


The Motion of Light demonſtrated. 


at B, than when it is at A. And ſo, as Mr. Romer firſt obſerved, 
the motion of light is thereby proved to be progreſſive, and not in- 
ſtantaneous, as was formerly believed. It is eaſy to compute in what 
time the Earth moves from A to B; for the chord of 60 degrees 


of any Circle is equal to the Semidiameter of that Circle; and as 


the Earth goes: through all the 360 degrees of it's Orbit in a year, it 
goes through 60 of theſe degrees in about 61 days. Therefore, if 
on any given day, ſuppoſe the firſt of June, the Earth is at A, on 
the firſt of Auguſi it will be at B. the chord, or ſtrait line AB, be- 
ing equal to Do, the Radius of the Earth's Orbit, the ſame with AS, 

206. Thus, as the Earth moves from D to C, through the ſide 
AB of it's Orbit, it is conſtantly meeting the light of Jupiter's Satel- 


- lites ſooner, which occaſions an apparent acceleration of their Eclipſes: 


and as it moves thro' the other half H of it's Orbit from Cto D, it is re- 
ceding from their light, which occaſions an apparent retardation of 
their Eclipſes, becauſe; their light is longer of overtaking the Earth. 

207. That theſe accelerations of the immerſions of Jupiter's Satel- 
lites into his ſhadow, as 'the Earth approaches towards Jupiter, and 
the retardations of their emerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any inequality ariſing from 
the motions of the Satellites in excentric Orbits, is plain from hence, 
that it affects them all alike, in whatever parts of their Orbits they 
are eclipſed. Beſides, they go often round their Orbits every year, 
and their motions are no way commenſurate to the Earth's. There- 
fore, a Phenomenon not to be accounted for from the real mo- 
tions of the Satellites, but ſo eaſily deducible from the Earth's 
motion, and ſo anſwerable thereto, muſt be allowed to be occaſioned 


by it. This affords one very good proof of the Earth's annual mo- 


tion d 1 
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90 0 Tae 'Phenomena of the Heavens as feen” ._ 


This is the Table mentioned in the 196th Article, and is fo eaſy 
that it*ſcarce requires any farther explanation than to inform the 
reader, that if, in the firſt part of the Table he reckons the columns 
marked with Aſtetiſks to be minutes of time, the other columns give 
the equatoreal parts or motion in degrees and minutes; if he reckons 
the Aſteriſk columns to be ſeconds, the others give the motion in mi- 
nutes and ſeconds of the Equator; if thirds, in ſeconds and thirds. 
Or, if in the ſecond part he reckons the Aſteriſk columns to be de- 
grees of motion, the others give the time anſwering thereto in hours 
and minutes; if minutes of motion, the time is minutes and ſeconds; 
if ſeconds of motion, the correſponding time is given in ſeconds and 
thirds. An example in each caſe will make the whole very plain. 


EXAMPLE I. ExamMPLE II. 


In 10 hours 15 minutes 24 & In what time will 153 degrees 
conds 20 thirds, Qu. How much} 51 minutes 6 ſeconds of the Equa- 
of the Equator revolves through|tor revolve through the Meri- 


the Meridian ? [dian ? 

Deg. M. 8. Hs; M. 8. T.: 
Hours 10 150 © oſpe 75 e e 0 
Min. 15 3 34 © S* x" 0 0 
Sec. 24 6 ofMin. 51 50 
Thirds 20 3 20 


Anſwer 153 Mi , 10 15 24 20 
NNO OC OTN OS 
An . 


The Phenomena of the Heavens as ſeen from different 
Parts of the ſolar Syſtem. 


No two 209. HE ftarry Heavens would not only have the ſame ap- 
„ 96/7" gg ance to a ſpectator placed in any one part of ſpace 
4 aug. Within the ſolar ſyſtem, as if. he were placed in any other part within 


der to alter jt , but their appearance would ſtill be the ſame, if he were placed 


| 
| 
| | 3 3 many millions of miles on the outſide of Saturn's Orbit: for the 


ſtarry Hea- apparent magnitudes and diſtances of all the viſible Stars would = 
vens. C 


from different Parts of the Syſtenu. ga 


be the ſame ; and they would ſeem to be placed in a vaſt concave 

ſhell, of which the obſervers eye is the center. If he were fixed 

in any part of the above- mentioned ſpace, the Stars would appear 

quite motzonleſs to him (as they really are) and the Sun would be 

at reſt among them. Were the obſerver within the Orbit of any Pla- 

net, but a great way from the center of that Orbit, and without 

the Orbits of other Planets, he would ſee: that Planet go round him, 

as if among the fixed Stars; increaſing in its velocity and bulk ag/1t I 

came nearer to him, and decreaſing in both as it went farther from him: 

And the Planets on the outſide of whoſe Orbits he were placed, would 

ſeem to go backwards and forwards among the Stars; ſome of them , 

making much greater digreſſions from the Sun than others, but each | 

having its particular digreſſions from the Sun, equal towards both 

ſides of the Heavens: and, from whatever part of the Heavens any 

Planet began to return towards the Sun from its outmoſt digreſſion, 

it would, at the next digreſſion on the ſame ſide of the Sun, return 

from the ſame point. In ſuch a ſituation, the obſerver could ſee no- 

thing as it really is in the Heavens, but the Sun and Stars at reſt. 

210. The Sun being the center of all the Planets motions, the only The Sun's 

place from which they could be truly ſeen, is the Sun's center; where e the 

the obſerver being ſuppoſed. not to turn round with the Sun (which, m Khich 

in this caſe, we muſt imagine to be a tranſparent body) would ſee all the true mo- 

the Stars at reſt, and ſeemingly equidiſtant from him. To ſuch an _ R 

obſeryer the Planets would appear to move among the fixed Stars, Planets could 

in a ſimple, regular, and uniform manner; fave only has in equal times be ſeen. 

they would deſcribe ſpaces ſomewhat unequal, becauſe they move in : 

elliptic Orbits, F 143, 144. Their motions would alſo appear to 

be, what they are in fact, the ſame way round the Heavens; in paths 

which croſs at ſmall Angles in different parts of the Heavens, and then 

ſeparate a little from one another, & 21. So that, if the folar Aſtrono- g 

mer ſhould fix upon the path of any one Planet as a ſtandard, and | 

conſider it as having no obliquity, & 190, he would judge the paths ; 

of all the reſt to be inclined to it, each Planet having one half of its | 

path on one fide, and the other half on the oppoſite fide of the ſtan- | 

dard Path or Orbit. And if he ſhould ever ſee all the Planets ſtart 

from a conjunction with each other *; Mercury would move ſo much 
| 


faſter than Venus as to overtake her again (though not in the ſame 


* Here we do not mean ſuch a conjunction, as that the nearer Planet ſhould hide all | | 
the reſt from the obſerver's ſight; (for that would be impoſſible unleſs the interſections 
of all their Orbits were coincident, which they are not, See $21.) but when they were 
all in a line croſſing the ſtandard Orbit at right Angles. 
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point of the Heavens) in a quantity of time almoſt equal to 145 of 
our days and nights; or, as we call them, Natural Days, which in- 
clude both the days and nights: Venus would move fo much faſter 
than the Earth as to overtake it again in 58 5 natural days: the Earth 
ſo much faſter than Mars as to overtake him again in 778 days: 
Mars ſo much faſter than Jupiter as to overtake him again ts J 
days: and Jupiter ſo much faſter than Saturn as to overtake him 
e ”⁰ Ot goof vt: 
271. But as the ſolar Aſtronomer could have no idea of meafuring: 
the courſes of the Planets by our days, he would very likely take the 
The iudement Period of Mercury, which is the quiekeſt moving Planet, for a mea- 
that let ure to the periods of the others by. As all the Stars would 
Aſtronomer uppear quieſcent to him, he would never imagine that they had any de- 
9 Akeda pendance upori the Sun ; but would naturally imagine that the Pla- 
concerning , nets have, becauſe they move round the 8un. And it is by no means 
eve bellnet improbable, that he would judge that thoſe Planets whole periods are 
the Planets, quickeſt, move in Orbits proportionably leſs than thoſe do which 
make ſlower circuits. But being deftitute of a method for finding 
their Parallaxes, or, more properly ſpeaking, as they could have no 
Parallax to him, he could never know any thing of their real dif- 


tances or magnitudes. Their relative diſtances he might perhaps 


gueſs at by their periods, and from thence infer ſomething of truth 
concerning their relative bulks, by comparing their apparent bulks 
with one another. For example, Jupiter appearing bigger to him 
than Mars, he would conclude it to be much bigger in fact; 
becauſe it appears ſo, and muſt be farther from him, on account of 
its longer period. Mercury would ſeem bigger than the Earth; but 
by comparing its period with the Earth's, he would immediately con- 
clude that the Earth is ſo much farther from him than Mercury, that it 
muſt be really bigger though apparently leſs; and ſo of the reſt. 
And, as each Planet would appear ſomewhat bigger in one part of 
its Orbit than in the oppoſite, and to move quickeſt when it ſeems 
higgeſt, the obſerver would be at no loſs to determine that all the 
Planets move in Orbits of which the Sun is not preciſely in the center. 
The Planet 212. The apparent magnitudes of the Planets continually change 
n as ſeen from the Earth, which demonſtrates that they approach nearer 
ſeen from the to it, and recede farther from it by turns. From theſe Phenomena, 
22 and their apparent motions among the Stars, they ſeem to deſcribe 
looped curves which never return into themſelves, Venus's path ex- 
cepted. And if we were to trace out all their apparent paths, and 
put the figures of them together in one diagram, they would appear 
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ſo anomalous and confuſed; as no man in his ſenſes could believe to PLATE VI. 
be repreſentations of their real paths; but would immediately con- 
clude, that there muſt be ſome Optic illuſions to Which theſe appa- 
rent irregularities are owing. And after a good deal of enquiry, he 
might perhaps be at a loſs to find out the true cauſe of theſe inequa- 
lities ; eſpecially if he were one of thoſe who would rather, with the 
greateſt juſtice, charge frail man with ignorance, than the Almighty 
with being the author of ſuch confuſion. n. ml 

213. Dr. Lox has given us figures of the apparent paths of all 5c. of 
the Planets ſeparately, in his firſt volume of Afronomy from Cass ixI; Mercury and 
and the ſeeing of them put me upon attempting to trace ſome of nd repre 
them by a machine * that ; ſhews the motions: of the Sun, Mercury, 
Venus, the Earth and Moon, according to the Copernican Syſtem. 
Having taken off the Sun, Mercury, and Venus, I put black-lead 
pencils in tHeir places, the points turned upward ; and fixt a circular : 
ſheet of paſte-board ſo as the Earth kept. conſtantly under its center 
in going round the Sun; and the paſte-board kept its paralleliſm. 
Then, preſſing gently with one hand upon the paſte-board; to make 
it touch all the three pencils, with the other hand I turned the winch 
which moves the whole machinery: and as the Earth, together with 
the pencils in the places of Mercury and Venus, had their proper pig. r. 
motions round the Sun's pencil, which kept at reſt in the center of | 
the machine, all the three pencils deſcribed; a diagram from which 
the firſt Figure of the ſixth Plate is truly copied in a ſmaller ſize. 
As the Earth moved round the Sun, the Sun's-pencil deſcribed the 
dotted Circle of Months, whilſt Mercury's pencil drew the curve with 
the greateſt number of loops, and Venus's that, with-the feweſt. In 
their inferior conjunctions, they come as much nearer the Earth, or 
within the Circle of the Sun's apparent motion round the Heavens, 
as in their ſuperior conjunctions they £0 beyond it. On each ſide of 
the loops they appear Stationary, in that part of each loop next the 
Earth retrograde, and in all the reſt of their paths direct. 
If Caſſinis Figures of the paths of Mereury and Venus were put 
together, the Figure as above traced out, would, be exactly like them. 
It repreſents the Sun's apparent motion round the Eeliptic, which is 
the ſame every year; Mercury's motion for ſeven years j and Venus's 
for eight; in which time Mercury's path 'croſles itſelf 23 times, and 
Venus's only five times. In eight years Venus falls ſo nearly into 
the ſame apparent path again, as to deviate very little from it in 
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De apparent Paths of Mercury and Venus. 


PLATE VI. ſome ages ; but in what number of years Mercury and the reſt of 


Fig. I. 


the Planets would deſcribe the ſame viſible paths over, again, I can- 
not at preſent determine. Having finiſhed the above Figure of the 
paths of Mercury and Venus, I put the Ecliptic round them as in 
the Doctor's Book; and added the dotted lines from the Earth to the 
Ecliptic for ſhewing Mercury's apparent or geocentric motion therein 
for one year; in which time his path makes three loops, and goes on 
a little farther ; which ſhews that he-has three inferior, and as many 
ſuperior conjunctions with the Sun jn that time, and alſo that he is 
ſix times Stationary, and thrice Retrograde. Let us now trace out 
his motion for one year in the Figure. 

Suppoſe Mercury to be ſetting out from A towards B (between the 
Earth and left-hand corner of the Plate) and as ſeen from the Earth 
his motion will be direct, or according to the order of the Signs. But 
when he comes to B, he appears to ſtand ſtill in the 23d degree of 
my at F, as ſhewn by the line BF. Whilſt he goes from B to C, 
the line B F backward from F to E, or contrary to the order of 
Signs ; and when he is at C he appears Stationary at E ; having gone 
back 114 degrees. Now, ſuppoſe him Stationary on the firſt of 
January at C, on the tenth thereof he will appear in the Heavens 
as at 20, near F; on the 2oth he will be ſeen as at G; on the 
3iſtat H; on the 1oth of February at J; on the 2oth at K; and 
on the 28th at L; as the dotted lines ſhew, which are drawn through 
every tenth day's motion in his looped path, and continued to the 
Ecliptic. On the roth of March he appears at M; on the 2oth at 
N; and on the 31ſt at O. On the 1oth of April he appears Sta- 
tionary at P; on the 2oth he ſeems to have gone back again to O; 
and on the 3oth he appears Stationary at 2 having gone back 11+ 
degrees. Thus he appears to go forward 4 Signs 11 Degrees, or 131 
Degrees; and to go back only 11 or 12 Degrees at a mean ſtate. 
From the zoth of April to the 10th of May, he appears to move from 
2 to R; and on the 2oth he is ſeen at S, going forward in the ſame 
manner again, according to the order of letters; and backward when 
they go back ; which, 'tis needleſs to explain any farther, as the reader 
can trace him out ſo eaſily through the reſt of the year. The ſame 
appearances happen in Venus's motion ; but as ſhe moves ſlower than 
Mercury, there are longer intervals of time between them. 


CHAP. 


O Solar and Sidereal Time. * 


CHANT OR 
Of ſolar and fidereal Time ; the Equation of natural Days ; 


and Receſſion of the Equinoxes. + N 
214. HE fixed ſtars appear to go round the Earth in 23 hours PLATE VI. 


| 56 minutes 4 ſeconds, and the Sun not in leſs than 24 Sidereal days 
hours: hence the Stars gain 3 minutes 56 ſeconds upon the Sun ſhorter than 
every day, which amounts to a compleat diurnal revolution in a year} and wh 
ſo that in 365 days, as meaſured by the returns of the Sun to the Me- 
ridian, there are 366 days as meaſured by the Stars returning to it : 
the former are called Solar Days, and the latter Srdereal. a 

The diameter of the Earth's Orbit is but as a phyſical point in pro- 
portion to the diſtance of the Stars; and therefore, in every abſolute 
turn of the Earth on its Axis, any given Meridian will revolve from 
any Star to the ſame Star again, without the leaſt perceptible differ- 
ence of time ſhewn by a clock which goes exactly true. 

If the Earth had only a diurnal motion, without an annual, any 
given Meridian would revolve from the Sun to the Sun again, in the 
fame length of time as from any Star to the ſame Star again ; becauſe 
the Sun would never change his place with reſpe& to the Stars. 
But, as the Earth advances almoſt a degree eaſtward in it Orbit, in 
the tinie that it turns eaſtward round its Axis, whatever Star 
paſſes over the Meridian on any day with the Sun, will paſs over it 
on the next day when the Sun is almoſt a degree ſhort of it; that is, al- 
moſt four minutes ſooner. Had the year contained only 360 days, 
as the Ecliptic does 360 degrees, the Sun's apparent place, ſo far as 
his. motion is equable, would have changed a degree every day; and 
then the fidereal days would have been juſt four minutes ſhorter than 
the ſolar. | 111 

Let ABCDEFGHIKLM be the Earth's annual Orbit, in which it ig. II. 
goes round the Sun in a year, according to the order of the letters, 
that is, from weſt to eaſt, and turns round its Axis the ſame way i 
from the Sun to the Sun again every 24 hours. Let & be the Sun, l 
and R a fixed Star, removed to ſuch an immenſe diſtance that the i 
diameter of the Earth's Orbit bears no ſenſible proportion to that diſ- 1 
tance. Let Nm be any particular Meridian of the Earth, and N a l 
given point or place upon that Meridian. When the Earth is at A, ii 
the Sun & hides the Star R, which would always be hid if the Earth 


I f never 
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never moved from A; and conſequently, as the Earth turns round 


its Axis, the point N would _ come round to the Sun and Star 


An abſolute 
Furn of the 
Karth on its 


at the ſame time. But when the Earth had advanced, ſuppoſe a 
twelfth part of its Orbit, from A to B, its motion round its Axis will 
bring the point IN a'twelfth part of a day, or two hours, ſooner to the 
Star than to the Sun; for the Angle NB is. equal to the Angle 
ASB: and therefore, any Star which comes to the Meridian at noon 
with the Sun when the Earth is at A, will come to the Meridian 
at 10 in the forenoon when the Earth is at B. At C the point N 
will have the Star on its Meridian at 8 in the morning, or four hours 
ſooner than it comes under the Sun; for it muſt revolve from N to 
u, before it has the Sun in its Meridian. When the Earth comes to 
D, the point N will have the Star on its Meridian at 6 in the morn- 
ing, but it muſt revolve fix hours more from N to u, before it is 
mid-day by the Sun: for now the Angle ASD is a right Angle, and 
ſo is ND7 ; that is, the Earth has advanced go degrees in its Orbit, 
and muſt turn go degrees to carry the point N from under the Star 
to be under the Sun: for the Star always comes to the Meridian when 
Nm is parallel to RSA; becauſe DS is but a point in reſpect of RS. 
When the Earth is at E, the. Star comes to the Meridian at 4 in the 
morning; at F, at two in the morning; and at G, the Earth having 
gone half round its Orbit, N points to the Star R at midnight, being 
then directly oppoſite to the Sun; and therefore, by the Earth's diur- 
nal motion the Star comes to the Meridian 12 hours before the Sun. 
When the Earth is at H, the Star comes to the Meridian at 10 in the 
evening; at I it comes to the Meridian at 8, that is, 16 hours before 
the Sun; at K 18 hours before him; at L 20 hours; at M 22; 
and at A equally with the Sun again. = 

215. Thus it is plain, that an abſolute turn of the Earth on its 
Axis (which is always compleated when the ſame Meridian comes to 


Axis never fi- be parallel to its ſituation the ye: before) never brings the fame Me- 


niſhes a ſolar ridian round from the Sun to 


diy. 


e Sun again; but that the Earth re- 

uires as much more than one turn on its Axis to finiſh a natural 
Hay, as it has gone forward in that time; which, at a mean ſtate is 
a 365th part of the Circle. Hence, in 365 days the Earth turns 366 
times round its Axis, $ 109; and therefore, as a turn of the Earth 
on its Axis compleats a ſidereal day, there muſt be one ſidereal day 
more in a year than the number of ſolar days, be the number what 
it will, on the Earth, or any other Planet. One turn being loſt with 
reſpect to the number of ſolar days in a year, by the Planet's going 


round the Sun, juſt as it would be loſt to a traveller; who, in going 
I round 
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round the Earth, 
would loſe one day 
by following the 
apparent diurnal 
motion of the Sun : 
and conſequently, 
would reckon one 
day leſs at his re- 
turn (let him take 
what time he 


would to go round| 


the Earth) than 
they who remain- 
ed all the while at 
the place from 
whence he {et 
out. So, if there 
were two Earths 
revolving equally 
on their Axes, and 


one remained at] 


A until the other 
travelled round the 
Sun from A to A 
again, that Earth 
which kept it's 
E at A would 

ave it's ſolar and 
ſidereal days al- 
ways of the ſame 
length; and ſo, 
would have one 
ſolar day more 
than the other at 
it's return. And 
from hence it is 
evident (as we ſaid 


before) that let the 


number of ſolar 
days in a year be 


what it will, the. 


A TABLE ſhewing how much of the Celeſtial 
Equator paſſes over the Meridian in any part of 
a mean ſolar DA y; and how much the fixed 


STARS gain upon the mean ſolar TIME every 
, for a Month. 
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number of ſidereal days will be one more, Hence, if the Earth 
turned but once round its Axis in a year, and if that turn was made 
the ſame way as the Earth goes round the Sun, there would be con- 
12 day on one fide: of the Earth, and continual night on the 

other. ee | | | 
216. The firſt part of the preceeding Table thews how much of 
the celeſtial Equator paſſes over the Meridian in any given part of a 
mean ſolar day, and is to be underſtood the fame way as the Table 
To know by in the 208th article. The latter part, intituled, Accelerations of the 
ome ve" fixed Stars, affords us an eaſy method of knowing whether our clocks 
pros a Hort and watches go true: or not: For if, through a ſmall hole in a win- 
not. dowy- ſhutter, or in a thin plate of metal fixt to a window, we ob- 
ſerve at what time any Star diſappears behind a chimney, or corner 
of a houſe, at a little diſtance ; and if the ſame Star vaniſhes or diſ- 
appears the next night 3 minutes 56 ſeconds ſooner, by the clock or 
watch; and on the ſecond night, 7 minutes 52 ſeconds ſooner ; the 
third night 11 minutes 48 ſeconds ſooner ; and fo on, every night, as 
in the Table, which ſhews this difference for 30 natural days, it is an 
infallible Sign that the machine goes true ; e not; and muſt 
be regulated accordingly: and as the vaniſhing of a Star is inſtanta- 

neous, we may know to half a ſecond. 

217. The Longitudes, or * of all the viſible Stars in the Hea- 
vens, with reſpect to each other, and to the Ecliptie, are very well 
How to find known ; and thence we have an eaſy method of finding the Sun's 
— bs » Longitude, or place in the Ecliptic : for the Sun is oppoſite to that 

ſtars in the point of the Ecliptic which comes to the Meridian at midnight. 
EY 218. The Earth's motion on its Axis being perfectly uniform, and 
c qual at all times of the year, the ſidereal days are always preciſely of 
the ſame length; and ſo would the ſolar or natural days be, if che 
{The Sun and Earth's Orbit were a, perfect Circle, and its Axis perpendicular 
eee 7 to its Orbit. But the earth's diurnal motion on an inclined Axis, and 
— of the its annual motion in an elliptic Orbit, cauſe the Sun's apparent mo- 
year. tion in the Heavens to be unequal : for ſome times he revolves from 
the Meridian to the Meridian again in ſomewhat leſs than 24 hours, 
ſhewn by a well regulated clock; and in ſomewhat more than 24 
hours at other times: ſo that the time ſhewn by an equal going 
clock and a true Sun- dial is never the ſame but on the 15th of 
April, the 16th of June, the 31 of Auguſt, and the 24th of De- 
cember. The clock, by going equally and true all the year round, 
is before the Sun from the 24th of December till the 15th of 
April; from thence tilt the roth of ume the Sun is before the clock; 

1 } 


from 
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from the 16th of June till the 3 iſt of Auguſt che clock is again be- 
fore the Sun; and from thence to the ayth' of Decemùur the Sun is 
faſter than the clock. | Soi SHUI HT nnn 
219. The Tables of the Equation of natural days, at the end of this g of _ 


Chapter, ſhews the time that ought to be pointed out by a well regu- Equation Ta- 


lated clock, or watch, every day of the year, at the preciſe moment ble. 


of ſolar noon ; that is, when the Sun's centre is on the Meridian, 


or a true Sun-dial, ſhews it to be Twelve preciſelyj. Thus, on the 


5th of January, in Leap-year, when the Sun is on the Meridian, it 
ought to be 5 minutes 50 ſeconds paſt twelve by the clock; and on 
the 1 5th of May, when the Sun is on the Meridian, the time by the 
clock ſhould be but 55 minutes 537 ſeconds paſt eleven: in the for- 
mer caſe, the clock is 5 minutes 50 ſeconds before-hand with the 
Sun ; and in the latter caſe, the Sun is 4 minutes 3 ſeconds faſter 
than the clock. The column at the right-hand of each month ſhews 
the daily difference of this Equation, as it is increaſing or decreaſing. 
But unleſs we have a Meridian Line, or elſe a Tranſit Inftrament 
fixt in the plane of the Meridian, we cannot ſet a Suncdial rightly. 


220. The ſhorteſt way of drawing a Meridian Line is this: Make How to draw 


four or five concentric Circles, about a 


Circle be but little leſs than the board will contain. Fix a pin 
perpendicular in the center, and of ſuch « length that its whole 


ſhadow may fall within the innermoſt Circle for at leaſt four hours 


in the middle of the day. The pin ought to be about an eighth part 
of an inch thick, with a round blunt point. The board being ſet 


exactly level in a place where the Sun ſhines, . from eight in 


the morning till four in the afternoon, about which hours the end 
of the ſhadow ſhould fall without all che Cireles; watch the 
times in the forenoon, as the ſhadow ſhortens, hen its extremity juſt 
touches the ſeveral Circles, and there make marks. Then, in 
the afternoon of the ſame day, watch the lengthening ſhadow, and 
where its end touches the ſeveral Circles in going over them, miake 
marks alſo. Laſtly, with a pair of compaſſes, find exactly the middle 
int between the two marks on any Circle, and to that point draw 

a a ſtraight line from the center; which is the Meridian Line, and will 
be covered at noon by the ſhadow of a ſmall upright wire, which 
ſhould be put in the place of the pin. The only reaſon for drawing 
ſeveral Circles is, that in caſe one part of the day ſhould prove clear, 
and the other part ſomewhat cloudy, if you miſs 'the time that the 
point of the ſhadow ſhould touch one Circle, you may perhaps catch 
| 0 2 it 


_ of an inch from one — 
another, on a flat board about a foot in breadth ; and let the outmoſt 
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it in touching another. The beſt time for drawing a Meridian Line 
in this manner is about the middle of ſummer ; becauſe the Sun 
changes his Declination ſloweſt, and his Altitude faſteſt, in the longeſt 
ahn, „ 2441 Hit zorn | 1 0 
| If the caſement of a window on which the Sun ſhines at noon, - 
be quite upright, you may draw a line along the edge of its ſhadow 
on the floor, when the ſhadow of the pin is exactly on the Meri- 
dian Line of the board: and as the motion of the ſhadow of. the 
caſement will be much more ſenſible on the floor, than that of the 
ſhadow. of the pin on the board, you may know to a few ſeconds 
vrhen it touches the Meridian Line on the floor; and fo regulate your 
clock for the day of obſervation by that, and the Equation Tables above- 
mentioned, a 0.. | 5 401. 9765 Aur 
2221. As the Equation of time, or difference between the time 
Equation of ſnewn by a well regulated Clock and a true Sun-dial, depends upon 
atu ys. | 3 ger 
two cauſes, namely, the obliquity of the Ecliptic, and the unequal 
motion of the Earth in its annual Orbit; it will be proper, firſt, to 
explain the effects of theſe cauſes ſeparately conſidered; and then the 
united effects reſulting from their combination. | 
222. The Earth's motion on its Axis being perfectly equable, or 
always at the ſame rate, and the * plane of the Equator being per- 
pendicular to the Axis, 'tis evident that in equal times equal portions 
of the Equator paſs over the Meridian; and ſo would equal portions 
an art the Ecliptic, if it were parallel to, or coincident with, the Equa- 
of the Equa- tor. But, as the Ecliptic is oblique to the Equator, the equable mo- 
tion of time. tion of the Earth carries unequal portions of the Ecliptic over the 
Meridian in equal times, the difference being proportionate to the ob- 
liquity; and as ſome parts of the Ecliptic are much more oblique 
than others, thoſe differences are unequal among themſelves. Hence, 
if two Suns ſhould ſtart either from the beginning of Aries or Libra, 
and continue to move through equal arcs in equal times, one in the 
Equator, and the other in the Ecliptic, the equatoreal Sun would 
always return to the Meridian in 24 hours time, as meaſured by a 
well regulated clock ; but the Sun in the Ecliptic would return to the 
Meridian ſometimes ſooner, and ſometimes later than the equatoreal 
Sun ; and only at the ſame moments with him on four days of the 
year; namely, the 20th of March, when the Sun enters Aries; the 


* If the Earth were cut along the Equator, quite through the center, the flat ſurface 
of this ſection would be the plane of the Equator ; as the paper contained within any 
Circle may be juſtly termed the plane of that Circle. 
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21ſt of June, when he enters Cancer; the 23d of | September, when PLATE v. 


he enters Libra; and the 21ſt of December, when he enters Capricorn. 
But, as there is only one Sun, and his apparent motion is always in the 
Ecliptic ; let us henceforth call him the real Sun, and the other which 
is ſuppoſed to move in the Equator the fiftitious ; to which laſt, the 
motion of a well regulated clock always anſwers. 7 | 

Let ZY 2t be the Earth, ZFRs its Axis, abede &c. the Equa- 
tor, ABCDE &c. the northern half of the Ecliptic from to 
on the fide of the Globe next the eye, and MNOP&ec. the ſouthern 


half on the oppoſite fide from A to P. Let the points at A, B, 


C, D, E, F, &c. quite round from F to F again bound equal por- - 


tions of the Ecliptic, gone through in equal times by the real Sun; 


and thoſe at a, 6, c, d, e, , &c. equal portions of the Equator de- 


ſcribed in equal times by the fictitious Sun; and let Z M be the 
Meridian. ö : 
As the real Sun moves obliquely in the Ecliptic, and the fictitious 
Sun directly in the Equator, with reſpe&t to the Meridian; a de- 
gree, or any number of degrees, between ꝙ and Fon the Ecliptic, 
muſt be nearer the Meridian Ep, than a degree, or any correſpond- 
ing number of degrees on the Equator from ꝙ to /; and the more 
ſo, as they are the more oblique : and therefore the true Sun comes 
ſooner to the Meridian whilſt he is in the quadrant PF, than the ficti- 
tious Sun does in the quadrant ꝙ ; for which reaſon, the ſolar noon 
precedes noon by the Clock, until the real Sun comes to F, and the 
fictitious to /; which points being equidiſtant from the Meridian, both 
Suns will come to it preciſely at noon by the Clock. bor DING 
Whilſt the real Sun deſcribes the ſecond quadrant of the Ecliptic 
FGHIKL from S to A, he comes later to the Meridian every 
day, than the fictitious Sun moving through the ſecond quadrant of 
the Equator from / to ; for the points at G, H, 1, K, and L, be- 
ing farther from the Meridian than their correſponding points at 
g P, i, k, and J, they muſt be later of coming to it: and as both 
Suns come at the ſame moment to the point A they again make 
noon on the Meridian at the ſame time with the clock. : 
In departing from Libra, through the third quadrant, the real Su 
going through MNOPY, towards W at R, and the fictitious Sun 
through mnopg towards r the former comes to the Meridian every day 


ſooner than the latter, until the real Sun comes to W, and the ficti- 


tious to r, and then they come to the Meridian at the ſame time. 
Laſtly, as the real Sun moves equally through STN, from 


W towards P; and the fictitious Sun through stuvu, from xr to- 
| I wards 


223. The annexed Table ſhews how Cost faſter than the Sun in 
much the Sun is faſter or flower than — 8 

the clock ought to be, ſo far as the dif- 7 „ | m „ Ia C 

ference depends upon the obliquity of E 1 

the Echpde; of which the Signs of the... 

firſt and third quadrants are at the head % qs 2a|8 49 30 

of the Table, and their Degrees at the 44 

left hand; and in theſe the Sun is faſter | r *|s 5 8 140 2» 

than the Clock: the Signs of the ſecond '| 4] 199 #83 / 26 

A Table of and fourth quadrants are at the foot of e 1 2 19 38 
the Eduation the Table, and their degrees at the right 72 16% 2] 7 210 23 
of Time de- . a . 1 f 2 
pending on hand; in all which the Sun is ſlower , 4 g + f 1 25 
the Sun's than the Clock : ſo that entering the 0 
48 Table with the given Sign of the Sun's 113 3% 9 45 6.1% r9 
r at the head of the Table, and the | ,,|? fi : 1 ; Fo. 

ree of his place in that Sign 3 14] 4 26 9. 35 29126 

the left hand; or with the given Sign at 17 : 4; 4 4 g 1 15 

the foot of the Table, and Degree at the „„ 1d 27 

right hand; in the Angle of meeting | s 349 $54] 4 14 12 

a : 19 5% % 543 $2 1 

is the number of minutes and ſeconds ce 24/49 

that the Sun is faſter or ſlower than the [2,6 2699 4]; 12] 9 

clock: or in other words, the quantity | 25 49 „ 54 8 

e Hig f 231 © cl 9 0 7 

of time in which the real Sun, when 27 9 3 6 

in that part of the Ecliptic, comes | ?17 % . 45 5 

ſooner or later to the Meridian than the | 7 312 , :! 

11 „„ i173 

fictitious Sun in the Equator. Thus, 208 19 | Fo 692 

when the Sun's place is & Taurus 12 _— 4 - 

" : 301 3 248 4000 0 O 

degrees, he is 9 minutes 49 ſeconds [Tae | | = ſow. 

faſter than the clock, and when his '49.)_> 12 | pe (7 © 

place is O Cancer 18 degrees, he is 6 | Sun flower than the Clock in 
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PLATE V. wards F, the former comes later every day to the Meridian than the 
latter, until both arrive at the point p, and then they make noon 
at the ſame time with the clock. ; 


minutes 2 ſeconds flower. | 
224. This part of the Equation of time may perhaps be ſome- 
what difficult to underſtand by a Figure, becauſe both halves of the 


Fig. III. 
N Ecliptic ſeem to be on the ſame ſide of the Globe; but it may be 


made very eaſy to any perſon who has a real Globe before him, by put- 


ting ' ſmall _ on every tenth or fifteenth degree both of the 
Equator andEcliptic ; and then, turning the ball ſlowly round weſtward, 


he will ſee all the patches from Aries to Cancer come to the brazen 
| Meri- 
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Meridian ſooner than the correſponding patches on the Equator; all PLATE v. 


thoſe from Cancer to Libra will come later to the Meridian than their 
correſponding patches on the Equator; thoſe from Libra to Capri- 
corn ſooner, and thoſe from Capricorn to Aries later: and the patches 
at the beginnings of Aries, Cancer, Libra, and Capricorn, will come 
to the Meridian at the ſame time with thoſe which correſpond to 
them on the Equator. | 


225. Let us ſuppoſe that there are two little balls moving equally A machine 
round a celeſtial Globe by clock-work, one always keeping in the for ſbewing 


Ecliptic, and gilt with gold, to repreſent the real Sun; and the other 


the equal. 


keeping in the Equator, and filvered, to repreſent the fiftitious Sun: and the ſolar 
and that whilſt theſe balls move once round the Globe according to Time. 


the order of Signs, the Clock turns the Globe 366 times round its 
Axis weſtward. The Stars will make 366 diurnal revolutions. 
from the braſen Meridian to it again; and the two balls repre- 
ſenting the real. and fictitious Sun always going farther eaſtward from 
any given Star, will come later than it to the Meridian every follow- 
ing day; and each ball will make 365 revolutions to the Meridian; 
coming equally to it at the beginnings of Aries, Cancer, Libra, and 
Capricorn: but in every other point of the Ecliptic, the gilt ball will 
come either ſooner or later to the Meridian than the ſilvered ball, 
like the patches above- mentioned. This would be a pretty- enough 
way of ſhewing the reaſon why any given Star, which, on a certain 
day of the year, comes to the Meridian with the Sun, paſſes over it 
ſo much. ſooner every following day, as on that day twelvemonth to 
come to the Meridian with the Sun again; and alſo to ſhew the rea- 
ſon why the real Sun comes to the Meridian ſometimes ſooner, ſome- 
times later, than it is noon by the clock; and, on four days of the year, 
at the ſame time; whilſt the fictitious Sun always, comes to the Meri- 
dian when it is twelve at noon by the clock. This would be no difficult 
taſk for an artiſt to perform; for the gold ball might be carried round 
the Ecliptic by a wire from its north Pole, and the filver ball.round 
the Equator by a wire from its fouth Pole, with a few wheels. to 
each-; as may be eaſily added to my improvement of the celeſtial 
Globe, deſcribed in Ne. 483 of the Philgſophical Tranſactions; and, of 
which I ſhall give a deſcription in the latter part of this Book, from 
the 3d Figure of the 6th plate. 


226. Tis eaſy to ſee that if the Ecliptic were more obliquely Fig. III. 


poſited to the Equator, as the dotted Circle PxtR, the equal divi- 
ſions from NP to x would come ſtill ſooner to the Meridian Zocp, 
than thoſe marked A, B, C, D, and E, do: for two diviſions contain- 


ing 
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ing 30 degrees, from to the ſecond dott, a little ſhort of the figure 1, 
come ſooner to the Meridian than one diviſion containing only 15 degrees 
from P to A does, as the Ecliptic now ſtands ; and thoſe of the 
ſecond quadrant from x to A would be ſo much later. The third 
quadrant would be as the firſt, and the fourth as the ſecond. And 
it is likewiſe plain, that where the Ecliptic is moſt oblique, namely 
about Aries and Libra, the difference would be greateſt; and leaſt 
about Cancer and Capricorn, where the obliquity is leaſt. 

227. Having explained one cauſe of the difference of time ſhewn 
by a well regulated Clock and a true Sun-dial ; and conſidered the 
Sun, not the Earth, as moving in the Ecliptic ; we now proceed to 
explain the other cauſe of this difference, namely, the inequality of 
the Sun's apparent motion, F 194, which is ſloweſt in ſummer, 
when the Sun is fartheſt from the Earth, and ſwifteſt in winter when 
when he is neareſt to it. But the Earth's motion on its Axis is 
yy ring all the year round, and is performed from weſt to eaſt; 
which is the way that the Sun appears to change his place in the 

228, It is plain, that if the Sun's motion were equable at all times 
of the year, the Earth turning equally round its Axis would always 
bring any given Meridian round from the Sun to the Sun again in 
24 hours, as ſhewn by a clock ; that is, when the Earth had turned 
as much more than round its Axis as the Sun had advanced in the 
time of one diurnal rotation : For, as the Earth always turns round 
its Axis in the ſpace of 23 hours 56 minutes, four minutes more 
would bring any given Meridian to the Sun every day, if his mo- 
tion were at the uniform rate of one degree; & 215. But as the 


Sun's motion 1s ſometimes leſs, and at other times more than a de- 


gree in 24 hours, the Meridian muſt revolve ſooner to him when his 
motion is ſloweſt, and later when quickeſt ; becauſe it will overtake 
him in leſs time when he advances a leſſer ſpace than when he moves 
through a larger, 

229. Now, if there were two Suns moving in the plane of the 
Ecliptic, ſo as to go round it in a year; the one deſcribing an equal 
arc every 24 hours, and the other deſcribing ſometimes a leſſer arc in 
24 hours, and at other times a larger; gaining at one time of the 
year what it loſt at the oppoſite ; tis evident that any given Meridian 
would always revolve in equal times to the equal going Sun ; but 
ſometimes ſooner, and at other times later, to the unequal, as he 
happened to be behind or before the other; and to them both - the 

me 
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ſame moment, when, in paſſing by one another, they were in con- PLATE V+ 


junction. : 

230. As the real Sun moves unequally in the Ecliptic, let us ſuppoſe 
a fictitious Sun to move equally in it, keeping time with the clock; and 
beg of the reader to keep in mind, throughout the reſt of this deſcription, 
that it is always noon by a good clock when the fictitious Sun comes to 
the Meridian, as it is noon by a Sun-dial when the real Sun comes 
to the Meridian : and then we ſhall have the leſs occaſion for repeti- 
tions in deſcribing this variable difference by a Figure. 


Let ABCD be the elliptic Orbit of the real Sun, and the dotted rig. Iv. 


Circle abcd the imaginary Orbit of the fictitious; each going round 
in a year according to the order of letters, or from weſt to eaſt. Let 
HIKL be the Earth turning round its Axis the fame way every 24 
hours; and ſuppoſe both Suns to ſtart from A and a, in a right line 
with the Meridian EH at the ſame moment: the real Sun at A, being 
then at his greateſt diſtance from the Earth, at which time his mo- 
tion is ſloweſt ; and the fictitious Sun at a, whoſe motion is equable 
becauſe his diſtance from the Earth is ſuppoſed to be always the ſame. 
In the time that the Meridian revolves from H to H again, accord- 
ing to the order of the letters HIKL, the real Sun has moved from 
A to F; and the fictitious with a quicker motion from A to f, thro' 
a larger arc: therefore, the Meridian EH will revolve ſooner from 
H to h under the real Sun at F, than from H to & under the ficti- 
tious Sun at f; and conſequently it will be noon by the Sun- dial 
ſooner than by the Clock. | | 

As the real Sun moves from A towards C, the ſwiftneſs of his mo- 
tion increaſes all the way to C, where it is at the quickeſt. But not- 
withſtanding this, the fictitious Sun gains ſo much upon the real, 
ſoon after his departing from A, that the increaſing velocity of the 
real Sun brings bim not up with the equally moving fictitious Sun 
till the former comes to C, and the latter to c, when each has gone 


half round its reſpective Orbit; and then being in conjunction, the 


Meridian EH revolving to EK comes to both Suns at the ſame time, 
and then the Sun and Clock make noon at the fame moment. 

But the increaſed velocity of the real Sun, now being at the quick- 
eſt, carries him forwarder than the fictitious ; and therefore, the ſame 
Meridian will come to the fictitious Sun ſooner than to the real: for 
whilſt the fictitious Sun moves from c to , the real Sun moves thro' 
a greater arc from C to G : conſequently the point K has its ficti- 
tious noon by the clock when it comes to &, but not its real noon 
by the Sun till it comes to J. And although the velocity of the real 

P | Sun 
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PLATE V.Sun diminiſhes all the way from C to 4, and the fictitious Sun by 
an equable motion is ſtill coming nearer to the real Sun, yet they 
are not in conjunction till the one comes to A and the other to a ; 
and then it is noon by them both at the ſame moment. 

And thus it appears, that noon by the Sun- dial is always later than 
noon by the clock whilſt the Sun goes from C to A, ſooner whilſt 
he goes from A to C, and at theſe two. points the Sun and Clock are 
ual, 5 

: M 31. The point A is called the Sun's Apogee, becauſe when he is 
Apegsel We. there he is at his greateſt diſtance from the Earth; the point C His 
rigee, and Perigee, becauſe when in it he is at his leaſt diſtance from the Earth: 
2phdes,what and a right line, as AEC, drawn through the Earth's center, from 

one of theſe points to the other, is called the line of the Apfides. 

| 232. The diſtance that the Sun has gone at any time from his 

Mean Ano. Apogee (not the diſtance he has to go to it though ever ſo little) is 
maly, what. called his mean Anomely, which is reckoned in Signs and Degrees, al- 
lowing 30 Degrees to a Sign. Thus, when the Sun has gone ſuppoſe 
174 degrees from his Apogee at A, he is faid to be 5 Signs 24 De- 

ces from it, which is his mean Anomaly : and when he is gone 
uppoſe 355 degrees from his Apogee, he is faid to be 11 Signs 25 
Degrees from it, although he be but 5 Degrees ſhort of A in com- 
ing round to it again. | 

233. From what was ſaid above it appears, that when the Sun's 

Anomaly is leſs than 6 Signs, that is, when he is any where between 

A and C, in the half ABC of his Orbit, he makes it noon on the 

Meridian before it is noon by the Clock ; or, in other words, is faſter 

than the Clock : but when his Anomaly is more than 6 Signs, that 

is, when he is any where beween C and A, in the half CDA of his 

Orbit, he makes it noon on the Sun- dial later; and is therefore ſaid 

to be ſlower than the Clock. But when his Anomaly is o Signs © 

Degrees, that is, when he is in his Apogee at A, or 6 Signs o De- 

grees, which is when he is in his Perigee at C, he comes to the Me- 

ridian at the moment that it is (or ought to be) noon by the 

clock. | 
234. The annexed Table ſhews the. Variation, or Equation of time 
depending on the Sun's Anomaly, and ariſing from his unequal mo- 
tion in the Ecliptic ; as the former Table, $ 223, ſhews the Varia- 
tion depending on the Sun's place, and reſulting from the obliquity of 
the Ecliptic ; and is to be underſtood the ſame way, namely, that 
when the Signs are at the head of the Table, their Degrees are > 
| £ 


Fig. IV. 
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the left hand; but Fon Ter thamthy e e 
when the Signs are at Sign) 2. go pnge ging hs 
the foot of the Table DP — SLIDE D I nas BET 
their reſpective De- a 013 48}© 3917 4546 #743 55j9| 
grees are at the right iſo 813 5516 437 4516 4313 56429 
hand ; and in both % 3613 1 : #17 +16 391.3 4; 5 
| our 4. : 
caſes the Equation is 4% 2211 16/6 547 45316 35 3 280261 
IN the Angle of meet- 1k 4014 22 6 58 7. 44 6 2613 20025 
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{lower, it is their dif- 1802 38 - © 7 2017 3 5 260 3 17 
„Thus, ſup- 02 o 17 2917 5 28 1 55/1 
— — 4 e 4 2 27113 
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+ the other 4 mi. | Fo Joe then the Ot if br dramas 


nutes 20 ſeconds too | | 
ſlow, their difference had been 2 minutes 21: ſeconds too ſlow, be- 


cauſe the greater quantity is flow. 


235. The obliquity of the Ecliptic to the Equator, which is the 


firſt mentioned cauſe of the Equation of Time, would make the Sun 
and Clocks agree on four days of the year; which are, when the Sun 
enters Aries, Cancer, Libra, and Capricorn : but the other cauſe, now 
explained, would make the Sun and Clecks equal only twice in a 
year; that is, when the Sun is in his Apogee and Perigee, Conſe- 
quently, when theſe two points fall in the beginnings of Cancer and Ca- 

FY pricorn, 
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pricorn, or of Aries and Libra, they concur in making the Sun 
and Clocks equal in theſe points. But the Apogee at preſent is in 
the gth degree of Cancer, and the Perigee in the gth degree of Ca- 
pricorn; and therefore the Sun and Clocks cannot be equal about 
the beginning of theſe Signs, nor at uy time of the year, ſave when 


the ſwiftneſs or ſlowneſs of Equation from one cauſe juſt balances 
the ſlowneſs or ſwiftneſs ariſing from the other. | 

236. The laſt Table but one, at the end of this Chapter, ſhews 
the Sun's place in the Ecliptic at the noon of every day by the clock, 
for the ſecond year after leap-year ; and alſo the Sun's Anomaly to 
the neareſt degree, neglecting the odd minutes of a degree. Its uſe 
is only to ſhew the method of making a general Equation Table 
from the two fore- mentioned Tables of Equation depending on the 
Sun's Place and Anomaly, § 223, 234 ; concerning which me- 
thod we ſhall give a few examples preſently. The other Table is 
ſuch a one as might be made from theſe two; and ſhews the abſolute 
Equation of Time reſulting from the combination of both its cauſes ; 
in which the minutes, as well as degrees, both of the Sun's Place 
and Anomaly are conſidered. The uſe of this Table is already explain'd, 
§az ig and it is made to ſhew noon by the clock every day in leap-year, 
and the firſt, ſecond, and third years after: For on moſt of the ſame 
days of all theſe years'the Equation differs, becauſe of the odd fix 
hours more than the 365 days of which the year conſiſts. 


Examples ſor ExAMPLE I. On the. 5th of April the Sun is in the 25th de- 


making Equa 


tion Tables. 


gree of p Aries, and his Anomaly is 9 Signs 15 Degrees; the Equa- 
tion reſulting from the former is 7 minutes 27 ſeconds of time too 
faſt, F 223, and from the latter, 7 minutes 22 ſeconds too ſlow, 


5 234, the difference is 5 ſeconds that the Sun is too faſt for the noon 
of that day; taking it in groſs for the degrees of the Sun's Place and 


nomaly, without making: proportionable allowance for the odd mi- 
nutes. Hence, at noon the ſwiftneſs of the one Equation balancing 
fo nearly the ſlowneſs of the other, makes the Sun and Clocks equal 
on ſome part of that day, | * 201 


EXAM IR II. On the 16th of June, the Sun is in the 25th de- 
gree of I Gemini, and his Anomaly is 11 Signs 16 Degrees; the 
Equation ariſing from the former is 1 minute 48 ſeconds too faſt ; 
and from the latter, 1 minute 50 ſeconds too flow ; which balancing 
one another at noon to 2 ſeconds, the Sun and Clocks are again equal 
an that day. : 

L 
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ExAMPLE III. On the 3 rſt of Auguſt the Sun's place is 7 degrees | 
52 minutes of I Virgo (which we ſhall call the geh degree, as it is | 

ſo near) and his Anomaly is 2 Signs o Degrees; the Equation arifin; 4 | 
from the former is 6 minutes 41 ſeconds too flow ; and from the » i 
latter, 6 minutes 39 ſeconds too faſt ; the difference being only 2 ſe- 
conds too ſlow at noon, and decreaſing towards an equality will make 
the Sun and Clock equal in the afternoon of that dag. 


ExAMPLE IV. On the 23d of December the Sun's place is 1 de- 
gree 41 minntes (call it 2 degrees) of W Capricorn, and his Ano- 
maly is 5 Signs 23 Degrees; the Equation for the former is 43 ſe- 
conds too ſlow, and for the latter 58 ſeconds too faſt; the difference 
is 15 ſeconds too faſt at noon ; which decreaſing will come to an equa- 
lity, and fo make the Sun and Clocks equal in the evening of that day. 


And thus we find, that on ſome part of each of the above- 
mentioned four days, the Sun and Clocks are equal; but if we work 
examples for all other days of the year we ſhall find them different. 
237. On thoſe: days which are equidiſtant from either Equinox or g. mark. 
Solſtice, we do not find that the Equation is as much too faſt, or 
too ſlow, on the one fide, as it is too ſlow or too faſt on the other. 
The reaſon is, that the line of the Apſides & 32 1, does not, at preſent, 
fall either into the Equinoctial or Solfticial points, & 235. Tot 
238. If the line of the Apfides, together with the Equinoctial and 71. reaſon 
Solſticial points, were immoveable, a general Equation Table might why Equation 
be made from the preceding Equation Tables, which would always [Me — 
keep true, becauſe theſe Tables themſelves are permanent. But, with y. 2 
reſpect to the fixed Stars, the line of the Apſides moves forwards 12 
ſeconds of a degree every year, and the above points 5o ſeconds back- 
ward, So that if in any given year, the Equinoctial points, and line 
of the Apſides were coincident, in 100 years afterward they would be 
ſeparated. 1 degree 23 minutes 40 ſeconds ; and conſequently in 5300 
| years they would be ſeparated go degrees, and could not meet again, 
fo as the ſame Equinoctial point ſhould: fall again into the Apogee, 
in leſs than 21,200 years: and this is the ſhorteſt Period in which 
the Equation of Time can. be reſtored to. the ſame ſtate again, with 
reſpect to the ſame ſeaſons of the year. 

239. Having already mentioned the cauſe of the Preceſſion of the The Preceſi 
Equinoctial points in the Heavens *, which occaſions a ſlow deviation nag I 
of the Earth's Axis from its paralleliſm, and thereby a change of the poluts. 

* dee the Note on F43% = a 
1— 
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PLATE V. declination of the Stars from the Equator, together with a flow ap- 


parent motion of the Stars, forward with reſpect to Signs of the 
Ecliptic ; we ſhall now deſcribe the Phenomena by a Diagram. 
Let NZ be the Earth, SONA its Axis produced to the ſtarry 
Heavens, and terminating in A, the preſent north Pole of the Hea- 
vens, which is vertical to N, the north Pole of the Earth. Let EO 
be the Equator, 78 Z the Tropic of Cancer, and YTW the Tropic 
of Capricorn : YOZ the Ecliptic, and BO its Axis, both which are 
immoveable among the Stars. But, as the * Equinoctial points re- 


cede in the Ecliptic, the Earth's Axis SON is in motion upon the 


Earth's center O, in ſuch a manner as to deſcribe the double Cone 
Non and SOs, round the Axis of the Ecliptic BO, in the time that 
the Equinoctial points move quite round the Ecliptic, which is 2 5920 
years; and in that lengthof time, the north Pole of the Earth's Axis pro- 
duced, deſcribes the Circle ABCD in the ſtarry Heavens, round the 
Pole of the Ecliptic, which keeps immoveable in the center of that 
Circle. The Earth's Axis being 23+ degrees inclined to the Axis of 
the Ecliptic, the Circle ABCD, deſcribed by the north Pole of 
the Earth's Axis produced to A, is 47 degrees in diameter, or 
double the inclination of the Earth's Axis. In conſequence of this, 
the point A, which at preſent is the north Pole of the Heavens, and 
near to a Star of the ſecond magnitude in the tail of the Conſtellation 
called the Little Bear, muſt be deſerted by*the Earth's Axis; which 


moving backwards a degree every 72 years, will be directed towards 
the Star or Point B in 6480 years hence: and in double of that time, 


or 12960 years, it will be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens, although it is at 
preſent 84 degrees ſouth of the Zenith of London L. The preſent po- 
ſition of the Equator EO will then be changed into eOg, the Tro- 
pic of Cancer T$Z into Vt S, and the Tropic of Capricorn VT 
into WZ]; as is evident by the Figure. And the Sun, in the fame 
part of the Heavens where he is now over the Tropic of Capricorn, and 
makes the ſhorteſt days and longeſt nights in the northern Hemiſphere, 


will then be over the Tropic of Cancer, and make the days longeſt, 


and nights ſhorteſt. So that it will require 12960 years yet more, or 


. 25920 from the preſent time, to bring the north Pole N quite round, 


*The Equinoctial Circle interſects the Ecliptic in two oppoſite points, called 
Aries and Libra, from the Signs which always keep in theſe points : they are called the 
Equinoctial Points, becauſe when the Sun is in either of them, he is directly over the 
terreſtrial Equator ; and then the days and nights are equal. f | 
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point of the Heavens which is yerti- 
And then, and not till then, the ſame Stars 
which at preſent deſcribe the Equator, Tropics, polar Circles, and 

Poles, by the Earth's diurnal motion, will deſcribe them over again; 


ſo as to be directed toward that 


cal to it at preſent. 


As the Equinoctial points 
move backward in the Eclip- 
tic 50 ſeconds” of a degree 
every year, and the Sun ad- 
vances almoſt a degree for- 
ward in it every day, or at the 
rate of 59 minutes 8 ſeconds; 
he moves 50 ſeconds of a de- 
gree in 20 minutes 173 ſeconds 
of time; and will therefore 
meet the ſame Equinoctial 
point 20 minutes 175 ſeconds 
ſooner every year than he did 
on the year before. Hence, 
he comes tothe ſame Equinox 
or Solſtice every year bales he 
compleats his annual Circle 
with regard to the fixed Stars. 
And therefore, the Stars ſeem to 
have a ſlow motion forward in 
the Heavens, with reſpect to the 
Ecliptic, at the rate of 50 ſe- 
conds of a degree annually: 
From whence it follows, that 
thoſe Stars which in the in- 
fancy of Aſtronomy were in 
Aries, are now got into Tau- 
rus; thoſe of Taurus into 
Gemini, &c. The annexed 
Table ſhews the quantity of 
this ſhifting, both in motion 
and time, for any number of 
years to 2 5920; which com- 
pleats the grand Period. 

240. The anticipation of 
the Equinoxes, and conſe- 
quently of the ſeaſons, is ow- 
I 
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The anticipz-ing to the difference between the Civil and Solar year. The Civil 


tion of the 
Equinoxes 


and Seaſons, 


or Julian year, by which we reckon, contains 365 days 6 hours; 
which is 11 minutes 3 ſeconds longer than the Solar year, or time 
of the Sun's annual return to the fame Equinoctial point: and there- 
fore our Equinoxes and Seaſons fall back 11 minutes 3 ſeconds every 


year. Had we reckoned by Sidereal years, or the times of the Sun's an- 


nual return to the fame fixed Star as ſeen from the Earth, which 


time contains 365 days 6 hours ꝙ minutes 14.5 ſeconds, our Equinoxes 


The reaſon 
for altering 
the Style. 


would have returned 20 minutes 17-- ſeconds every year ſooner than 
on the former ; which anticipation would have been almoſt twice as 
great as it now 1s. But, as we have no regard to Sidereal years in 
common life, the ſhifting of the Equinoctial points in the Heavens 
can only affect the apparent motions, places, and declinations of the 
fixed Stars. The following Table ſhews the length of any number 
of Sidereal, Julian, and Solar years, from 1 to 10000, 

241. The above 3 minutes 11 ſeconds, by which the Civil year 
exceeds the Solar, amounts to 11 days in about 1430 years: and fo 
much all our ſeaſons had fallen back with reſpect to the days, of the 
months ſince the time of the Nzcene council in A. D. 325. And 
therefore, in order to bring back all the Faſts and Feſtivals to the 
ſtate they were ſettled at that time, with reſpect to the ſeaſons, it was 
requiſite to ſuppreſs eleven nominal days. And that the ſame ſeaſons 
might be kept to the ſame times of the year for the future, to leave 
out the biſſextile day in February at the end of every century of years 
not diviſible by 4 ; reckoning "Fes only common years; as the 17th, 
18th, and 19th centuries, viz. the years 1700, 1800, 1900, &c. be- 
cauſe a day intercalated every fourth year was too much: and retain- 
ing the ſaid day at the end of thoſe eenturies of years which are divi- 


fible by 4 ; and as the 16th, 2oth, and 24th centuries, v/z. the years 


1600, 2000, 2400, &c. Otherwiſe, in length of time, the ſeaſons 
would have been quite reverſed with reſpect to the months of the year. 
But it would have required near 24000 years to have brought about 
ſuch a change. If the Earth had made exatly-365+ diurnat rota- 
tions on its Axis, whilſt it revolved from any Equinoctial or Solſtitial 
int to the ſame again, the Civil and Solar years would always have 
ept pace together ; and the ſtyle would never have needed any alter- 
ation. 5 
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S Sidereal Years, Julian Years. Solar Years. 
Years Days IH IN. 8. | Days H. I] Days 4 JK 1. 0 
Faw 1 eee r 4 * £43 
1 Contain 365 6 94 I[Contain 365 6 Contain 365 54857] A Table 
2 7301201829 730112 37001103264] ſhewing the 
3 1095018027432 109518 10951172651 difference be- 
44 1451] 013658 [ © 1461] © 1460}23|15]48] tween Side- 
5] 1826 6146124 1826] 6 18268 5 445] real, Julian, 
— cw —— —ä — . ˙ — and Solar 
6 21911255 [27 2191 12} 2191105342] years. 
7 2550195 413] 2556118 2556 16 4213 75 
8 292211356 2922] 0 2921223103 
9 3287 7123 [10+ 3287] 6f 3287 42033 
10 36528133225 3652112 3652110] 930 
| — — —— — 1 —— — —11.— — — — — — 
20 73051 31 4450 7305 0 730420019 © 
30 10957116137 [1g 10957 12 10957] 62830 
40 146100 6] 940 14610] © 146091638 © 
50 1826211942 5 18262 12 18262 247 30 
60 21915911430 21915 © 21914/12570 
70 | 25567224655 25567 12| 25566 23 6130 
80 2922001211920 25220 0 292199116 © 
90 328731115145 32872121 32871192530 
100 36525152410 36525 36524] 5135 
200 73051] 6148 |20 73050 73048[11]} 10] 
oo 1 612211230 109575 I 2j16 
— * pt 13136 — Nh — 22 = 
500 182628] 5050 18262 5 182621] 385 
600 219153|20|25 219150 219145] 9:30} | 
700 255679111149 10 255675 25566915 5 
— — — —— — 1 — — — — —— — — — 
800 | 292205 311320 292200 29219320 10 
oo 32873018137 30 328725 328718] 2|15 
1000 365256[10| 140 | 365250 365242 7 50 
2000 7305 12420 320 730500 73048415 40 
z000 1095769 65 1093750 109572623 30] 
4000 146102516 640 1461000 1460969| 7|20 
5OOO 1826282] 2| 820 1826250 1826211|15]10 
6000 2191538812010 2191500 2191453|14|40 
7000 2556794 |22|11 | 40 2556750 25 56695 650 
8000 2922051] 81320 2922000 292193814 40 
gooo 328703718015 32872 50 | 3287180|22] 30 
10000 3652564] 4116 [40 3652500 3652423 6 20 
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A TABLE ſhewing the Sun's true Place, and Diſtance from his 
for the ſecond Year after Leap-year, 


Apogee, 
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5 es my — 855 . Er Pra ag: — TEN, 
A TABLE ſhewing the Sun's true Place, and Diſtance from his Apogee, 
for the ſecond Year after Leap-year. 
666 . c . 
—4—— | e 
July Auguſt September October November December 
Sun's | Sun's þ Sun's þ-Sun's Sun's 4 Sun's 1 Sun's - Sun's E Suns Sur's f Sums “E 
| Place. [Anom. | Plate. | Anem. Place: Anom.] Place. om. | Place. Atom, Place. Anm. 
D. M.s. D. D. MS. DD. Ms. D. D. MP.” D. D. Ms. DD. MB. P. 
| 1], 925324] © | of 8Q53| 1 of 8mgi| 2 1] Barc 3 i om of 4 of 5 * 
2010 21] © 11 96: 574-1 "14.9 gf 3 2] 9 9 3 20 Of 4; JO 19 5 2 
311 18] © 2/0, 544 % 2/0 472: 310 3 311 of 4. 4% 205 3 
44% 15% 3% 52/1 3/1 45 2 4 83 4½2 4 % 215 4 
53 13% 412 49] 4% 2 432 52 713 5/32 4 6 225 5 
„ 3 2 2 y PR y — — 
6014 10 513 47] 1 5073 42] 2 60613 6] 3 614 14 74 23}5 6 
715 7] O14 441 O14 42 264 3 7's 24 8% 2445 7 
815 40 715 42 1 7g 30 2 Big: 5 3 8/6 24 95 ze 5 8 
917 1.0 816 39] i 816 37 2 96 4 3 917 2 4 10% 2615 9 
1047 590 8/17 37] 1 917 350 2 1017 3 1918 34 11/18 2% 5 e 
1118 56] © 918 351 1 118 34] 2 1118 7 3 119 3 4 1% 280 5 114 
1219 $53] 10/10 32 1 119 32] 2 1219 3 12020 4] 4 13ʃz0 29 5 12 
13120 500 © 11020 '3c| 120 gif 2 13120 3 ,+a$]21 {6 4 14/21 300 5 13 
14/21 47] © 12[21 28] 1 13j21 292 14ſ21 2| 3 14/22 5g 4 15/2 3/5 14 
1522 45] 13/22 25} 1 142 28] 2 15]22 3 1523 5 4 16183 32 5. 15 
16]23 42 8 14023 23 1 1923 27| 2 1623 / 3 16024 664 1 24 33] 5. 16 
174 39] © 15/24 210 1 10% 25] 2, 17% 3 %% 7] 4, 18]25 34 5 1 
1825 360 16[25 19] 1 17125 24] 2 18][25 1} 3 18026 7] 4 1926 35| 5' 18 
19026 34% 17/26 17] 1 186 23] 2 18026 of 3 1927 8] 4 20j27 360 5 19 
2c|27 zi] o 1e]27 14| 1 1927 21] 2 zciſz7 of 3 2o0[28 9 4 2128 38| 5 _ 
21 28 28] o 1928 12] 1 2ol28 2zc| 2 21]28 9 3 21029 94 22129 39 5 21 | 
2229 26] © 2oſzg 1of.1 2iſzg 19 2 2229 - of 3 2x} f 10 4 23 % 4005 22 
230K 23] o ziſm 8 1 22 % 180 2 23m of 3 2] 1 11] 4 24] 1 405 23 
244 1 20] 0 22} 1 61 24 1 17] 2 24} 3 of 3 24 2 12] 4 25j 2 43} 5 24 
25] 2 is] o 232 41 242 1'|2 25] 2: of 3 25] 3 12 4 200 3' 444 5 25 
23 2190 243 2] 1 25} s 25} 2: 2013. & $3 -$} 4 3 4 27) 4 al 5 26 N 
| 2* 4 1A© 254 of 1 2804 14/3: 5{4: 43-215 144: 38x 8s 
2805 100% 2004 58 1 27 5 15] 2 28] 5 3 26 15] 4 296 47/5 28 
2c 6 7 © 27] 5 561 296 12] % g & 3: 291 7 1004 61 207 485 0 
z-]7 go 2i]6 5441 247 l e 04 1 3:11 Gn 44491 ;0 
| 3 5 © 29+ 7-. 54 2 0 F044: £ 19 316 1 
* A TABLE 


Of the Equation of Time. 


A TABLE: of the Equation of natural Days. 


The Biſſextile, or Leap-year. 
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A TABL E of the Equation of natural Days: 
The Biſſentile, 
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in which the Harveſt Moons are leaſt and moſt benefi- 
cial from 1751 1 1853-. The, long continuance of 
Moonlight at the Poles in Winter. + "nero 


The Moon's 242- JT is generally believed, that the Moon riſes about 48 minutes 
riding regular I later every day or ms on on the preceding. This. is true 
/ add the only with regard to places on the Equator. In places of conſiderable 
L.“u0!atitude, the deviation from this rule is very remarkable in the Harveſt- 
time : which, till of late, Farmers were much better acquainted with 

than Aſtronomers ; and gratefully aſcribed the early riſing of the 

Moon, at that time of the year, to the goodneſs of Gor, who ordered 
things ſo as to afford them an immediate ſupply of light after Sun ſet, 
for their greater conveniency in reaping the fruits of the Earth. | 

The irregula- In this inſtance of the Harveſt Moon, as in many others diſcover- 
nties advan- able by Aſtronomy, the wiſdom and beneficence of the Deity is con- 
eos, ſpicuous, who has regulated the courſe of the Moon fo as to beſtow 
more or leſs of her light on all parts of the Earth, as their* circum- 

ſtances and ſeaſons render it more or leſs ſerviceable. Near the Equa- 
tor, where there is little or no 'variety of ſeaſons, and the changes of 

the weather ſeldom, and at ſtated times, Moon-light is not neceſſary 

for gathering in the produce of the ground: and there, the Moon is 
later of riſing eyery night than at other places of the Earth. At 
conſiderable diſtances from the Equator, where the weather and ſea- 

ſons are more unfavourable, the autumnal Full Moons riſe ſooner 
after Sun-ſet, and continue to do fo for ſeveral days together. At 

the Polar Circles, where the mild ſeaſon is of fo ſhort duration, the 

Moon riſes within one hour of Snn-ſet for 14 days together, viz. 
from the firſt to the third quarter. The explanation. of theſ Pheno- 

mena follows. | 5 1 1 

The cauſe of 243. The plane of the Equator being perpendicular to the Earth's 
her irregular Axis, all parts of the Equator make equal Angles with the Horizon 
=. 2 we at riſing and ſetting, all the year round ; and therefore, in equal times, 
a 4 equal parts of the Equator always riſe and ſet. Hence, if the Moon 
moved equably in the Equator, and at the rate of 12 degrees every 


day from the Sun, as ſhe does in her Orbit, ſne would riſe and ſet 
| | every 
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every day 48 minutes later than on the day preceding ; for 12 de-2LATE vr. 


rees of the Equator always take 48 minutes of time to aſcend or 
deſcend in the Horizon, in all Latitudes. 

But the Moon's motion is nearly in the Ecliptic; and for plainneſs 
ſake we ſhall at preſent conſider her as moving in the Ecliptie, all 
parts of which, on account of its obliquity to the Earth's Axis, make 
very different Angles with the Horlzon at riſing and ſetting; ſome 


few degrees about the ſolſtitial points excepted. Thoſe Signs which 


make the leaſt Angle at riſing, make the greateſt at ſetting, and 
vice verſa: and in equal times, whenever the Angle is leaſt, a greater 
ion of the Ecliptic riſes or ſets than when the Angle is larger. 
Conſequently, when the Moon is in thoſe Signs which make the 
ſmalleſt riſing Angles with the Horizon, ſhe rifes with the leaſt dif- 
ference of time, and with the greateſt in thoſe Signs which riſe with 
the greateſt Angles; as may be ſeen by firſt rectifying the Globe to 
any conſiderable Latitude, then putting ſmall 3 on the Ecliptic 
at * 13 degrees diſtance from each other (which in round numbers 
are equal to the degrees of the Moon's daily motion) and turning 
the Globe round its Axis in the Horizon. Alke! | 
But, as ſome may not be provided with a Globe, we ſhall ſubſtitute 
the figure of one; in which FUP is the Axis, STR the. Tropic of 
Cancer, Ltr W the Tropic of Capricorn; SEUW the Ecliptic, and 
AB the Horizon ; the Meridian and Equator are marked with their 
reſpective names. Each Tropic being —— 23+ degrees from the 
Equator on its oppoſite ſides, the Tropics are 47 degrees diſtant from 
each other; and as the Ecliptic touches both Tropics, the one at the 
beginning of O, and the other at the beginning of W, croffing the 
Equator in oppoſite points between them, 'tis plain that in the oblique 
manner the Globe is poſited to us, the Ecliptic has the poſition S 
when S is on the Meridian; but if we ſuppoſe the ball to be turned 
half round its Axis, then W will be on the Meridian, and the Ecliptic 
will have the poſition LU: in the former poſition A is riſing in the 


Fig, III. 


eaſt, and the Ecliptic makes an Angle of 47 degrees more with the 


eaſtern fide of the Horizon than it does in the latter poſition when 
P riſes in the eaſt. If we ſuppoſe the Globe rectified to the Latitude 
of London, the Ecliptic makes the Angle NUS with the Horizon, 
which is 62 degrees, when © 1s onthe Meridian ; but, in twelve 
ſidereal hours afterwards, W comes to the Meridian, and the Ecliptic 

* The Sun advances almoſt, a degree in the Ecliptic every day, the fame way that 


the Moon moves; and therefore, a motion of 13 degrees carries her little more than 
12 degrees farther fromthe Sn n. ' | 


makes: 


\ 
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PLATE VI. makes only the Angle NUL with the Horizon, which is but 15 de- 
| grees; and 15 taken from 62 leaves 47, the difference of the Angle 
that the Ecliptic makes with the Horizon at one time of the day from 
the Angle that it makes with the ſame in twelve hours either before 
or after. 1 F e | 61 
244. The ſmalleſt Angle made by the Horizon and Ecliptic is, 
when F riſes and A ſets : the greateſt, , when A riſes and F ſets. 
at what times From the riſing of F to the riſing of , which is 12 fidereal hours, 
welken the Angle increaſes ; and from the riſing of Q to the riſing of M it 
aft Angle decreaſes. From this, and the ſecond paragraph of & 243 it appears, 
with the Ho that the Ecliptic riſes faſteſt about the beginning of P, and ſloweſt 
in Es about the beginning of . _— er Shores, 
245. In June F riſes about midnight; in September it riſes at 
Sun-ſet; in December about noon ; in March at Sun-riſe; and in the 
intermediate times at the intermediate hours reſpectively. re t 
246. On the Parallel of London, as much of the Ecliptic riſes 
about ) and F in, two hours, as the Moon goes through in a week: 
and therefore, while the Moon is in, theſe two Signs ſhe differs only 
two hours in riſing, for a whole week together; or 20 minutes later 
every day or night than on the preceding, for that week. But in 14 
days after, the Moon comes to Il} and A, which are oppoſite Signs 
to t and F; and then ſhe differs four times as much; riſing an 
hour and 20 minutes later every night during the week that ſhe is in 
theſe Signs. | 5 | rifle 
247. Always when the Moon differs leaſt in the time of her riſing 
ſhe differs moſt in the time of her ſetting ; for thoſe Signs which riſe 
with the leaſt Angle in the Horizon ſet with the greateſt ; and vice 
| Ver ia. FE Og 1 75 
Fig. 111, 248 This will be plain by putting ſmall Patches on the Ecliptic 
of a common Globe, as far from one another as the Moon moves 
from any given point in 24 hours, which at a mean ſtate is 135 de- 
grees. A few of theſe Patches are repreſented by the dotts at o, 1, 2, 
3»4+5,0,7, on the Ecliptic, which has the poſition LUZ when p 
riſes at U in the eaſt point; and the poſition SW when A riſes 
at the ſame point ; ſuppoſing the Globe rectified to the Latitude of 
London. or | 
Having rectified the Globe, turn it till the Patch o about the be- 
ginning of , on the half LI of the Ecliptic, comes to the eaſtern 
ſide of the Horizon, and then keeping the Ball ſteady, ſet the hour 
Index to XII, becauſe that hour may be more eafily remembered 
than any other. Then turn the Globe round weſtward, and in that 
I time, 


| 
SPA Damncille aw MC) | = | 
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time; ſuppoſe the Patch o to have moved from thence to 1, as the Moon 
does in the time that the Earth turns once round its Axis; and you 
will find that 1 is only about 20 minutes later of riſing than o was 

on the day before. Turn the Globe round again, and in that time, 
ſuppoſe the ſame Patch to have gone to 2, and it will riſe 2 20 | 
minutes later by the hour Index. At the next turn, ſuppoſe the Patch | 
has gone to 3 at U, and it will rife 20 minutes later, as before. Per- | 
form ſeven turns, in which time fuppoſe the Moon. or Patch to have | 
advanced from o to 7; and you will obſerve much the ſame ditfer- 

ence in its riſing each fucceeding day of that week; at the begin- | I 
ning of which the Patch rofe ſouth of the eaſt at o, in the middle | 
due eaſt at U, and in the end north of the eaſt; varying its“ Am- | 
plitude towards the north much 'more than its time of riſing. But | 
in ſetting, theſe ſeven Patches will be nine hours in going down; ; | 
ſhewing that the Moon will be ſo much later in ſetting through the | 
whole of that week, F 247: and yet her Amplitude will be no greater 

on the ſetting ſide of the Horizon than it was on the riſing. The L | 
cauſe of this difference is evident, for A and ꝙ make only an Angle | | [| 
of 15 degrees with the Horizon when they riſe; but in ſetting they =_ 
make an Angle of 62 degrees with it. As the Moon moves from | 
theſe Signs beg SG Il 28M and A, her place riſes every day = 
with a greater Angle, and ſets with a leſs, than on the day before ; (| 
and for that reaſon ſhe differs more in riſing, and leſs in ſetting every | | | 
day, as ſhe moves through theſe Signs; after which, the „bez [| 
though ſtill later and later every day, becomes leſs in rifing, and | 
greater in ſetting ; until ſhe comes round to } and ꝙ again, where | 
it is the fame as before. And this happens once at leaſt in every | | 
Lunation, and in ſome twice, becauſe the Moon goes round the Eclip- | 
tic in 27 7 hours and 43 tninutes ; but from Change to Change 
not in leſs than 29; days. 8 . RET 

249. If the Earth had no annual motion, the Moon would only why the | 
go round the Ecliptic from Change to F £ and then ſhe would on “ 

always be in the fame Signs on the ſame. days of her age: conſe-in ihe fame 
quently, if ſhe were once Full in A or P, ſhe would always be Signs of her 
Full in the ſame part of the Heavens again; and as the Full Moon ©?" 
always riſes about Sun-ſet, ſhe would {till riſe within the ſpace of 

two hours, during that week in which ſhe were Full, But, in the 


* The point of the Horizon on which the Sun, Moon, Planets, and Stars riſe and 
ſet, is called their Amplitude, and is reckoned in degrees and minutes ſtom the caſt and | 
welt points, both towards the ſouth and north. HET : = 

| | time 
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PLATE v. time that the Moon goes round the Ecliptic, the Earth advances, al- 
moſt a whole Sign forward; and therefore the Moon never finds the 
Sun at any Conjunction in that part of the Heavens where ſhe left 
him at the laſt ; nor can be oppoſite to the Sun in that part where ſhe 
was at the laſt Oppoſition, but almoſt a Sign forwarder in the Eclip- 
tic. And hence tis plain, that there can be but one Full Moon in 
Fig IV. d or ꝙ in the whole year, For, as the Earth E goes round the 
Sun S, the Signs of the Moon's Orbit abcd:(like the Earth's Axis) 
keep parallel to themſelves, as ſhewn by the four cardinal Signs ep 
and W in the Moon's Orbit; of which p always keeps be- 
| tween the Earth E and the right-hand of the Plate; & between the 
| Earth and top of the Plate; A towards the left-hand ; and, W to- 
| wards the lower edge of the Plate, let the Earth be in what part of 
The Moon's its Orbit ABCD it will. Therefore tis plain, that in the time the 
period.cat and Moon N O goes round her Orbit abcd according to the order of let- 
volution, ters, from the Sun to the Sun again, the Earth will have advanced from 
EW toe; and therefore when the Moon has gone round to the 
ſame point O again, ſhe will only be at o, having compleated her 
periodical revolution, which is performed in 25 days 7 hours 43 mi- 
nutes $'248 ; but ſhe muſt go from o to p to be again between the 
Earth at e and the Sun at &, which takes 2 days 5 hours 2 minutes 
more ;, and this added to her periodical compleats her ſynodical revo- 
lution of 29 days 12 hours 45 minutes, which is from any particular 

Change to the n ekt. 5 

2 50. As the Moon can never be Full but when ſhe is oppoſite to 
the Sun, and the Sun is never in Virgo and Libra except in Auguſt and 
September, which are our autumnal months, tis plain that the Moon 
can never be Full in the oppoſite Signs Piſces and Aries, but in theſe 
two months: and conſequently we can have only theſe two Full 
Moons in the year which riſe fo ſoon after Sun-ſet for a whole week 

The Harveſt together, as above deſcribed ; $ 246. The firſt of theſe is called the 
A Harveſt Moon, and the other the Hunter's Moon. 

251. The farther that any place is from the Equator, ſo as not to be 
beyond the Polar Circle, the leſs is the Angle which the Ecliptic makes 
with the Horizon when MN riſes: and therefore the Harveſt Moon, 
about her Full, riſes ſo much the ſooner after Sun-ſet for ſeveral 
Evenings together ; and is for that reaſon the more remarkable till 
we come to the Polar Circles, or 66+ degrees from the Equator, in 

| which Latitude the Ecliptic and Horizon become coincident for a 
moment once every 24 hours; and the very next moment one half 
of the Ecliptic (containing Capricorn, Aquarius, Piſces, Aries, Tees, 
pag an 
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and Gemini) riſes at once, and the oppoſite half ſets. Therefore, PLATE Vr. 


whilſt-the Moon is going from Capricorn to Cancer, which is almoſt 
14 days, ſhe riſes every day or 
only one ſolar hour later during «thi | b | 
hours in ſetting, becauſe the ſix Signs which riſe all at once on the 
eaſtern fide, of the Horizon, ate 24 hours in ſetting on the "weſtern 
ſide of it; as any one may ſee by making chalk- marks at the be- 
ginning of Cancer and of Capricorn; and then, having rectiſied the 
Globe to the Latitude of 66 degrees; turn it ſlowoly round its Axis, 
and obſerve the riſing and ſetting of the Ecliptic. Ag the beginning 
of Aries is equidiſtant from the beginning of Cancer and of Capricorn, 
it is in the middle of that half of the Ecliptie which riſes at once; 
and therefore, when the Sun is about the beginning of Libra, the 
Moon is in her firſt quarter in Capricorn, at the Full in Aries, 
and in her third quarter in Cancer. But when Libra ſets, Aries 
riſes; and all that Half of the Ecliptic of which Aries is the mid- 
dle: conſequently, the Moon at that time of the year riſes at the 


ſame ſidereal hour from her firſt to her third quarter, or about four - 
minutes later by the clock every evening, during that half of her 


courſe; but varies 180 degrees in her Amplitude. | 


252. The autumnal Full Moon riſes and ſets in Piſces, and the , * c. 
vernal Full Moon in Virgo: therefore, ſince Virgo riſes at as great traſt between 
an Angle with the Horizon in the eaſt as Piſces ſets with it in the nd autumnal 


weſt, and ſets with as ſmall an Angle in the weſt as Aries riſes in 


the eaſt, tis plain that the vernal Full Moon ſets with as little differ- 


ence of time as the autumnal: Full Moon riſes ; and riſes: with as 
much difference as the autumnal Full Moon ſets; ſo that the one is 
quite the reverſe of the-other. | I ½⁴ůãᷣĩ¶ Lie 1 
253. Here it may perhaps be aſked, What's the reaſon that we 
never obſerve this remarkable riſing of the Moon, but only in Har- 
veſt; ſince ſhe is in Piſces and Aries twelve times in the year beſides, 
for ſhe goes thirteen times round the Ecliptic in a year? The 245th 
Article might ſufficiently explain this; but we ſhall do it farther by a 
Figure. A Han 00 | U | 
— It has been already noted, $249, that the Moon's Signs kee 
parallel to themſelves as her Orbit goes round the Sun along wi 
the Earth; and in doing ſo, theſe Signs ſtill keep the ſame poſition 
with reſpect to the Signs of the Ecliptic in which the Earth goes 


1 


round the Sun. In part of December and of January the Earth E is Fig. IV- 


in O (as at the top of the Figure) and the Moon comes to ꝙ in 
her firſt quarter at /; but then ſhe riſes at noon, and cannot be ſeen 
8 on 


; | | mV mark- 
_ at the ſame ſidereal hour, Or able if the | 
time; and differs 24 fidereal Polar Circles, 


EP rere 
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pLATERH vi on accotifit of the light ef the Sun. When the Earth E is at , 
which is in part of Mureh and of April, the Moon changes at N in 
p; and then, as the gives us no light we mind not her riſing, nor 
can it be obſerved, becauſe ſhe riſes at the fame time with the Sun, 
When the Earth E is in M, which is in Yume and July, the Moon 
is in P at her third quarter ; but her light is then inconſider- 
able, and ſhe riſes not till midnight. And when the Earth E is about 
the beginning of p, which is towards the end of September, the 
Moon F is Full in ꝙp; and therefore riſing at Sun-ſet, becomes re- 
markably conſpicuous. But as t makes rather a leſs Angle with 
the Horizon than -P does on the riſing ſide; the Moon in riſes 
nearer the fame time for the two or three days the is there, than 
when ſhe is in p. 1 or ort 
255. Hitherto, for plainneſs fake, we have confidered the Moon as 
The above , moving in the Ecliptic ; but ſhe moves in an Orbit which makes an 
Phenomena Angle of 5* degrees with the Eclptic, cutting it in two oppoſite points 
Aale t. called her Nodes; and therefore that ſhe can never be in the 
M-on's Or- Ecliptic but when ſhe is in one or other of her Nodes, which is at 
bit js not eo, Jeaſt twice in every Lunation, and in ſome Lunations thrice. This 
the Ecliptie cauſes ſome difference in the times of her riſing and ſetting from what 
is already mentioned. And the difference itſelf is variable, becauſe 
her Nodes ſhift back ward in the Ecliptic, and go round it in 18 years 
225 days. That Interſection from which the Moon aſcends north- 
ward above the Ecliptic, is called her Aſcending Node ; and the other, 
. which is directly oppoſite, is called her Deſcending Node, becauſe the 
deſcends from it ſouthward below the Ecliptic. When the aſcending 
Node is in Aries, the Moon's Orbit makes an Angle of no more 
than 10 degrees with the Horizon of London when Piſces and Aries 
riſe ; and then ſhe differs but an hour and half in riſing for a whole 
week. But in g years and 112 days afterwards her deſcending Node 
comes to Aries, and then her Orbit makes an Angle of 20 degrees 
with the Horizon, which is double the former Angle ; for which 
reaſbn ſhe differs three hours and an half in riſing through the week 

that ſhe deſcribes Piſces and Aries. | 
256. By the preceding Article tis evident, that in 18 years and 
225 days, i. e. in one revolution of the Nodes, there is a regular 
period of all the varieties that can happen in the rifing and ſetting of 
the Moon. But this ſhifting of the Nodes never affects the Moon's 
niſing ſo much, even in her quickeſt deſcending Latitude, as not to 
allow us ſtil] the advantage of her riſing, for a few nights together 


about the Full in Harveſt, nearer the ſame hour than when ſhe is Full 


Fig. IV. 


at any other time of the year. be annexed — in hat 
years the Harveſt Moons are leaſt and moſt advantagequs 4 1854 
to 1852. The years under the letter L are thoſe in which the 
n beneficial, becauſe they fall about the de- 
ſcending Node; and thoſe under M are the moſt remarkably heneſi, 
cial; ap all of them mee is Full ig or near her 
aſcending Node. 

In, the columns of years. from to.N the Harveſt 8 wn 
gradually in the lunar Orbit, and riſe; higher above the, Horizon: 
From N to S they deſcend lower in the ſame proportion, and riſe to 
leſs heights above the Horizon. In the columns next & the Harveſt 
Moon is in her greateſt ſouth Latitude, and her Le above the Ho- 
rizon ſhorteſt: In the columns next N, ſhe has ee va 
Latitude, nd continues longeſt above * een rr 

22 24 911 
1 | Years 77 the leaft nog To Moms. A . 
ö * un, Des 
| (751 1752 1753 1754 1755 1756 1757, 1758. 1 
/// 8 Oe r 
| Fr 1196 11997 | 
| 1826 = 1829 5 1830 5 5 5 1 12 PP 
1 | 1844 1845 1846 1847 1848 ; 1849 1850 4857 1852 


& * 8.55 125 c 
Tears in hich they are moft beneficil. 17 FP 10 * N 
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257. At the Polar Circles, when the Sun touches * Summer 
Tropic, he continues 24 hours above the Horizon; and 24 hours below 
it, when he touches the Winter Tropic. For the ſame reaſon the Full 
Moon neither riſes in Summer, nor ſets in Winter, conſidering her as 
moving in the Ecliptic. - For the Winter Full Moon being as high in 
the Ecliptic as the Summer Sun, muſt therefore continue as long 
above the Horizon; and the Summer Full Moon being: as low in the 
Echptic as the Winter Sun; can no more riſe than he does. But 
theſe are only the two Full Moons which happen about the Tropics, 


for all the others riſe and ſet. In Summer the Full Moons are low, 
2 and 
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andi their ſtay is fhort above the Horizon, when the nights are ſhort, 


and we have leaſt occaſion for Moon-light: in Winter they go high, 
and ſtay long above tlie Horizon when the nights are long, and we 
want Moon- light moſt. Here, as we have already mentioned, F 251, 
the Harveſt Moon, at a mean ſtate, riſes only an hour later in 15 days 
from her firſt to her third quarter. But, becauſe the obliquity of 
the Moon's Orbit to the Ecliptic, and the ſhifting of her Nodes in 
it make ſuch alterations in her riſing and ſetting, from what would 
be if ſhe moved ifi the Ecliptic, and affect the ſame ſo much more 
in the Latitude of 66 degrees than in any other, the Phenomena of 
her riſing and ſetting in that Latitude deſerve particular notice. 

When the aſcending Node is in the beginning of Aries, ſome of 
the ſouth” part of the Moon's Orbit does not riſe; and while the 
Moon continues in that part of her Orbit, which is four natural days, ſhe 
keeps below the Horizon; and in the oppoſite part of her Orbit, 
which does not ſet, ſhe keeps as long above the Horizon. But in 9 
years, when the Nodes have ſhifted into one another's former places, 
every degree of her Orbit riſes and ſets, and ſo muſt ſhe do every day 
of her age. When the aſcending Node is in Cancer, the autumnal 
Moon differs but one hour in riſing from the gth to the 24th day of 


her age; and in that time 23 hours in ſetting ; the riſing difference 


being all in the laſt two of theſe days; for from the gth to the 22d 
ſhe il riſes at the ſame hour, but changes her Amplitude from the 
ſouth point of the Horizon 160 degrees northward, paſſing by the 


| \eaſt, When the aſcending Node is in the beginning of Capricorn, 


The long 


continuance 


the Moon varies her riſing Amplitude 180 degrees from the ſouth to 
the north point of the Horizon, between the 7th and 22d days of her 
age, without being ſenſibly later in riſing for all that 15 days; nay, 
which is remarkable, during the 14th, 1 5th, and 16th x bh ſhe riſes a 
quarter of an hour ſooner, contrary to what happens at other times. In 
the above 15 days ſhe varies her ſetting Amplitude quite through the 
weſtern Semicircle of the Horizon, and retards her ſetting by 24 
hours. (LID | - 

258. At the Poles, one half of the Ecliptic never ſets, and the other 
half never riſes: and therefore, as the Sun is always half a year in 


ofMoon-l'ght Jeſcribing one half of the 'Ecliptic, and as long in going through 


at the Poles. 


the other, tis natural to imagine that the Sun continues half a year 
together above the Horizon of each Pole in its turn, and as long be- 
low eit; riſing to one Pole when he ſets to the other. This would 
be exactly the caſe if there were no refractions: but by the Atmo- 


ſphere's refracting the Sun's rays, he becomes viſible m_ days 
doner; 
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ſooner, 2 and continues ſeveral days longer in fight than 'he PLATE VII. 

would otherwiſe do: fo that he appears above the Horizon of either 

Pole before he has got below the Horizon of the other. And, as 

he never goes more than 23 degrees below the Horizon of the Poles, © 

they have very little dark night: it being twilight there as well as at 

all other places till the Sun be 18 degrees below the Horizon, 5 168. 

The Full Moon being always oppoſite to the Sun, can never be ſeen 

while the Sun is above the Horizon, except when the Moon falls 

in the northern half of her Orbit ; for whenever any point of the 

Ecliptic riſes the oppoſite point ſets. Hence, as the Sun is aboye the 

Horizon of the north Pole from the © 20th: of March to the 23d of 

September, it is plain that the Moon, when Full, being oppoſite to 

the Sun, muſt be below the Horizon during that half of the year. 

But when the Sun is in the ſouthern half of the Ecliptie he: never 

riſes to the north Pole, during which half of the year, every Full 

Moon happens in ſome part of the northern half of the Eeliptie, 

which never ſets. Conſequently, as the polar Inhabitants never ſee 

the Full Moon in Summer, they have her always in the Winter, be- 

fore, at, and after the Full, ſhining for 14 of our days and nights. 

And when the Sun is at his greateſt depreſſion below the Horizon, 

being then in Capricorn, the Moon is at her Firſt Quarter in Aries, 

Full in Cancer, and at her Third Quarter in Libra. And as the be- 

ginning of Aries is the riſing point of the Ecliptic, Cancer the higheſt, 

and Libra the ſetting point, the Moon riſes at her Firſt Quarter in 

Aries, is moſt elevated above the Horizon, and Full in Cancer, 

and ſets at the beginning of Libra in her Third Quarters having 

continued viſible for 14 diurnal rotations ef the Earth.” Thus the 

Poles are ſupplied one half of the winter time with conſtant. Moon 

light in the Sun's abſence ; and only loſe ſight of the Moon from her 

Third to her Firſt Quarter, while ſhe gives but very little light; and 

could be but of little, and ſometimes of no ſervice to them. A bare 

view of the Figure will make this plain; in which let 8 be the Sun, Fis V- 

e the Earth in Summer when its north Pole A inclines-toward” the 

Sun, and E the Earth in Winter, when its north Pole declines from 

him SEN and NV is the Horizon of the north Pole, Which is 

coincident with the Equator ; and in both theſe poſitions of the Earth, 

PBYW is the Moon's Orbit, in which ſhe goes round the Earth, 

according to the order of the letters abed, ABCD. When the Moon 

is at @ ſhe is in her Third Quarter to the Earth at e, and juſt riſing 

to the north Pole ; at b ſhe changes, and is at the greateſt height 

above the Horizon, as. the Sun likewiſe is; at c ſhe is in her. Firſt 
| Quarter, 
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Quarter, ſetting below the Horizon; and is loweſt of all under it at 


d, when oppoſite to the Sun, and her enlightened fide toward the 
Earth . But then ſhe is full in view to the ſouth Pole p; which 
is as much turned from the Sun as the north Pole inclines towards 
him. Thus in our Summer, the Moon is above the Horizon of the 


north Pole, whilſt ſhe deſcribes the northern half of the Ecliptic p S >, 


or from her Third Quarter to her Firſt; and below the Horizon 


during the progreſs through the ſouthern half WP ; higheſt at 
the Change, moſt depreſſed at the Full. But in winter, when the 
Earth is at E, and its north Pole declines from the Sun, the New 
Moon at D is at her greateſt depreſſion below the Horizon NV, and 
the Full Moon at B at her greateſt height above it; riſing at her Firſt 
Quarter A, and keeping above the Horizon till ſne comes to her Third 
Quarter C. At a mean ſtate ſhe is 23+ degrees above the Horizon 
at B and b, and as much below it at D and d, equal to the inclina- 
tion of the Earth's Axis F. $$ and SM are, as it were, a ray of 
light proceeding from the Sun' to the Earth ; and ſhews that when 


the Earth is at e, the Sun is above the Horizon vertical to the Tropic 


of Cancer; and when the Earth is at E, he is below the Horizon ver- 
tical to the Tropic of Capricorn. | 


The Moon's different Phaſes will be deſcribed at large in the beginning of the 
next Chapter. | | | £4 Of HY 


CHAP. XII 


The Moon's Surface mountainous : Her Phaſes deſcribed : 
Her Path, and the Paths of Jupiters Moons delineated : 
The proportions of the Diameters of their Orbits, and 

thoſe of Saturn's Moons, to each other ; and to the Dia- 
meter of the Sun. pu Pet 


259. * looking at the Moon with an ordinary Teleſcope, we 
diſcover that her ſurface is diverſified with long tracts of 

711 8 aa high mountains and deep cavities. Some of her mountains, 
y comparing their height with her diameter (which is 2175 miles) 
I 55 are 
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are found to be three times higher than the higheſt hills on our Earth. PL. VIII. 
This ruggedneſs of the Moon's ſurface is of ſingular uſe to us, by The Moon's 
reflecting the Sun's light to all ſides: for if ſhe were ſmobth and po- ſurface moun- 
liſhed like a looking-glaſs, ſhe would never ſcatter. the Sun's rays on %. 
all ſides; only in ſome poſitions ſhe would ſhew us his image, no 
bigger than a point, but with. a luſtre which would be hurtful to 
our eyes. VVV 
5 The Moon's ſurface being ſo uneven, many have wondered wh, no hills 
why her edge appears not jagged, as well as the curve bounding the appear on her 
light and dark places. But if we conſider, that what we call the Age 
edge of the Moon's diſc is not a ſingle line ſet round with moun- 
tains, in which caſe it would appear irregularly indented, but a large 
Zone having many mountains lying behind one another from the ob- 
ſerver's eye, the mountains in ſome rows will be oppoſite to the vales 
in others; and ſo fill up the inequalities as to make her appear quite 
round: juſt as when one looks at an orange, although its roughneſs 
be very diſcernible on the fide next the eye, eſpecially if the Sun or 
a Candle ſhines obliquely on that fide, yet the line terminating the 
viſible part always appears ſmooth and even. 2 BING. 

261. As the Sun can only enlighten that half of the Earth which The Moon 
is at any moment turned towards him, and being withdrawn from hanno twi- 
the oppoſite half leaves it in darkneſs ; ſo he likewiſe doth. to the 
Moon: only with this difference, that the Earth being ſurrounded by 
an AtniÞhere, and the Moon not, we have twilight after the Sun 
ſets; but the Lunarians have an immediate tranſition from the bright- Fig. I. 
eſt Sun-ſhine to the blackeſt darkneſs; 5 168. For, let throw be 
the Earth, and A, B, C, D, E, F, O, H, the Moon in eight different parts 
of her Orbit. As the Earth turns round its Axis from weſt to eaſt, 
when any place comes to # the twilight begins there, and when it 
revolves from thence to r the Sun & riſes; when it comes to 5 the 
Sun ſets, and when it comes to av the twilight ends. But as the 
Moon turns round her Axis, which is only once a month, the mo- 
ment that any point of her ſurface comes to r (ſee the Moon at G) 
the Sun riſes there without any previous warning by twilight; and 
when the ſame point comes to s the Sun ſets, and that point goes 
into darkneſs as black as at midnight. ; 477th 
262. The Moon being an opake ſpherical body, (for her hills The Moon's 
take off no more from her roundneſs than the inequalities on the ſur- Phaſes. 
face of an orange takes off from its roundneſs) we can only ſee that 
part of the enlightened half of her which is towards the Earth. 

And therefore, when ſhe is at A, in conjunction with the * | 
er 


! 


, 
r 


"nh 


Wy i 


136 Of the Moon's Phaſes. 
her dark half is TP IEP! the Earth, and ſhe diſappears as at a, there 
being no light on that half to render it viſible. When ſhe comes 


to her firſt Octant at B, or has gone an eighth part of her Orbit 
from her Conjunction, a quarter of her enlightened fide is to- 


wards the Earth, and ſhe appears horned as at 3. When ſhe has 


gone a quarter of her Orbit from between the Earth and Sun to 
C, ſhe ſhews us one half of her enlightened ſide as at c, and we ſay, 
ſhe is a quarter old. At D ſhe is in her ſecond Octant, and by 
ſhewing us more of her enlightened fide ſhe appears gibbous as at d. 
At E her whole enlightened fide is towards the Earth, and therefore 
ſhe appears round as at e, when we ſay, It is Full Moon. In 
her third Octant at F, part of her dark fide being towards the Earth, 
ſhe again appears gibbous, and is on the decreaſe, as at 7. At G we 
ſee juſt one half of her enlightened ſide, and ſhe appears half de- 
creaſed, or in her third Quarter, as at g. At H we only ſee a quar- 
ter of her enlightened ſide, being in her fourth Octant, where ſhe 
appears horned as at h. And at A, having compleated her courſe 
from the Sun to the Sun again, ſhe diſappears; and we ſay, It is New 
Moon. Thus in going from A to E the Moon ſeems continually to 
increaſe; and in going from E to A, to decreaſe in the ſame pro- 
portion; having like Phaſes at equal diſtances from A or E, but as 
ſeen from the Sun &, ſhe is always Full. » £10 
The Moons 263. The Moon appears not perfectly round when ſhe is Full in 
diſc not the higheſt or loweſt part of her Orbit, becauſe we have not then a 
round when direct view of her enlightened ſide. When full in the higheſt part 
full. of her Orbit, a ſmall deficiency appears on her lower edge; and the 

contrary when full in the loweſt part of her Orbit. 5 
The ee, 264. "Tis plain by the Figure, that when the Moon changes to 
— — the Earth, the Earth appears Full to the Moon; and vice verſa. For 
contrary, when the Moon is at 4, New to the Earth, the whole enlightened 
fide of the Earth is towards the Moon : and when the Moon is at E, 
Full to the Earth, its dark ſide is towards her. Hence a New Moon 
anſwers to a Full Earth, and a Full Moon to a New Earth. The 

Quarters are alſo reverſed to each other. f | | 

An agreeable 265. Between the third Quarter and Change, the Moon is fre- 
— uently viſible in the forenoon, even when the Sun ſhines; and then 
he aftords us an opportunity of ſeeing a very agreeable appearance, 
wherever we find a globular ſtone above the level of the eye, as ſup- 
poſe on the top of a gate. For, if the Sun ſhines on the ſtone, and 
we place ourſelves ſo as the upper part of the ſtone may juſt ſeem 
to touch the point of the Moon's lowermoſt horn, we ſhall then 5 
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the n. part of the ſtone exactly of the ſame ſhape with the PL. VIII. 
Moon; horned as ſhe is, and inclining the ſame way to the Horizon. | 
The reaſon is plain; for the Sun enlightens the ſtone the ſame way 
as it does the Moon: and both being Globes, when we put ourſelves - - 
into the above ſituation; the Moon and ſtone have the ſame - poſition 
to our eyes; and therefore we muſt ſee as much of the illuminated. 

of the one as of the other. 

266. The poſition of the Moon's Cuſps, or a right line touching 7 The nonage- 
the points of both her horns, is very differently inclined to the Ho-fm"l Degree, 
rizon,' even on the fame days of her age. Sometimes ſhe ſtands, | 
asit were, upright on her lower horn, and then ſuch a line is rpendi- 
cular to the Horizon : when this hap ns, ſhe is in what the Aſtro- 
nomers call the Nonage/imal Degree; which is the higheſt point of the 
Ecliptic above the Horizon at that — and is go. degrees from both 
ſides of the Horizon where it is then cut by the Ecliptic. But this 
never * when the Moon is on the Meridian, ſave only when 
ſhe is at the very beginning of Cancer or Capricorn. 

267. The inclination of that part of the Ecliptic to the Horizon How the in 
in which the Moon is at any time when horned, may be known by ination of 
the poſition of her horns; for a right line touchin their points is os 94, way 
perpendicular to the Ecliptic. And as the Angle t *. the Moon's by the 
Orbit makes with the Ecliptic can never raiſe her above, nor depreſs non, 
her below the Ecliptic, more than two minutes of a degree, as ſeen 
from the Sun; it can have no ſenſible effect upon this Phenomenon. 
Conſequently, if a Quadrant be held up, ſo as one of its edges may 
ſeem to touch the Moon's horns, the graduated fide being Pers to- 
wards. the eye, and as far from the eye as it can conveniently be held, 
the arc between the Plumb- line, and that edge of the Quadrant 
which ſeems to touch the: Moon's horns, will ſhew. the inclination 
of that part of the Ecliptic to the Horizon. And the arc between 
the other edge of the 8 and Plumb-line, will ſhew the in- 
clination of a right lin touching the Moon's bam to the Horizon 
at that time. 

268. The Moon generally appears as large as the Sun; or the Fig. I. 
Angle vA, under which the Moon is ſeen from the Earth, is the 
ſame with the Angle LEM, under which the Sun is ſeen from it. — — 
And therefore the Moon may hide the Sun's whole body from us, as big as the 
as ſhe ſometimes does in ſolar Eclipſes. The reaſon why ſhe does Sun. 
not eclipſe the Sun at every Change ſhall. be explained afterwards. 

If the Moon were farther from the Earth as at a, ſhe could never 


hide the whole body of the Sun from us ; for then ſhe would appear 
* under 


138 An eaſy way of repreſenting 
h under the Angle N&O, covering only that part of the Sun which lies 
between N and O: were ſhe ſtill further from the Earth, as at X, 
ſhe would appear under the ſmall Angle 7 V, like a ſpot on the 
Sun, hiding only the part TW from our fight. 
A proof of 269. The Moon turns round her Axis in the time that ſhe goes 
the Moon's round her Orbit; which is evident from hence, that a ſpeRator at 
way + "Uk þ reſt, without the periphery of the Moon's Orbit, would ſee all her 
| fides turned regularly towards him in that time. She turns round 
her Axis from any Star to the fame Star again in 27 days 8 hours ; 
from the Sun to the Sun again in 29 days: the former is the len 
of her fidereal day, and the latter the length of her ſolar day. A 
body moving round the Sun would have a ſolar day in every revolu- 
tion, without turning on its Axis; the fame as if it had kept all 
the while at reſt, and the Sun moved round it : but without turning 
round its Axis it could never have one ſidereal day, becauſe it would 
always keep the fame fide towards any given Star. 
Her periodi- 270. If the Earth had no annual motion the Moon would go round 
4 tag it ſo as to compleat a Lunation, a ſidereal, and a ſolar day, all in the 
lution. ſame time. But, becauſe the Earth moves forward in its Orbit while 
the Moon goes round it in hers, ſhe muſt go as much more than 
round her Orbit from Change to Change in compleating a ſolar day 
as the Earth has gone forward in its Orbit, z. e. almoſt a twelfth 
part in that time, as already deſcribed ; $ 249. 
Familiarly 271. The Moon's periodical and ſynodical revolution may be fa- 
repreſented. miliarly repreſented by the motions of the hour and minute hands of a 
watch round its dial-plate, which is divided into 12 equal parts or 
hours, as the Ecliptic is divided into 12 Signs, and the year into 12 


months. Let us ſuppoſe —— — 2 
hen tines theſe 12 hours to * LO De bor, Wb 0 "Fr 
— the hour months, the hour hand | EY 5 1 
e eee the Sun, and the minute ; Il J 10 41 18 
watch are in hand the Moon; then will | © 9 34. 3+ -: 43... 3%"; 
conjunction. the former go round once 3 — 16 21 8 27-3. 

in a year, and the latter 4 4 ws af $ We 
once in a month ; but the 5 I + 4 9. & Do 
Moon, or minute hand 6| V 32 43 38 10 54 
muſt go more than round 7 65 38 18 34 32. n 
from any point of the Circle 8 — R 75 324, 
where it was laſt conjoined | ?| * 49 /- $2; :1 : 2 be 
with the Sun, or hour? X11 4%: 8-7 Per} 
hand, to overtake it again: . an 
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* the hour hand being in motion, can never be overtaken by the 
minute hand at that point from which they ſtarted at their laſt con- 
junction. The firſt column of the annexed Table ſhews the num- 

ber of conjunctions which the hour and minute hand make, while 

the hour hand goes once round the dial- plate; and the other columns 

ſhew the times when the two hands meet at every conjunCtion. Thus, 
ſuppoſe the two hands to be in conjunction at XII, as they” always 

are; then, at the firſt followin aura it is 5 minutes 27 ſeconds 

16 thirds 21 fourths 49 fift ; paſt I where they meet; at the ſe- 

cond: conjunction it is 10 minutes 54 ſeconds 32 thirds 43 fourths 

38; fafths paſt II; and fo on. This, though an eaſy illuſtration of 

the motions of the Sun and Moon, is not preciſe as to the times of 

their conjunctions; becauſe, while the Sun goes round the Ecliptic, 

the Moon makes 12+ conjunctions with him; but the minute hand 

of a watch or clock makes only 11 conjunctions with the hour hand 

in one period round the dial- plate. But if, inſtead of the common 
wheel- work at the back of the dial- plate, the Axis of the minute hand 

had a pinion of 6 leaves turning a wheel of 40, and this laſt turning 

the hour hand, in every revolution it makes round the dial- plate, the 

minute hand would make 12 conjunctions with it; and ſo would be 

a pretty device for ſhewing the motions of the Sun and Moon; eſpe- 

cially, as the floweſt moving hand might have' a little Sun fixed on 

its point, and the quickeſt a little Moon. Beſides, the plate, inſtead 

of hours and quarters, might have 12 Signs with their Degrees; and A nchine 
if a plate of 294 equal parts for the days of the Moon's age were fixed for ſhewing 
to the Axis of the Sun hand, and below it; ſo as the Sun always kept the motions | 
at the + day of that plate, the Moon hand would ſhew the Moon's and Moon. 
age upon it for every — pointed out by the Sun hand; and ben 
Sun and Moon would ſhew their pl 0 in the Edliptic: the Moon 

would go round the 1 in 2 — 5 which is her periodical re. 
volution ; and from the Sun to. the Sun again, or from 2 * — 
Change, i in 294 days, which is her ſynodioal revolution. 

272. If the Earth had no annual motion, the Moon's Orbit' ane Fhe Moo 
the Earth, and her track in abſolute ſpace, would be always the ſame &. 1 ion on' 
But as the Earth and Moon move round the Sun, the Moon's real open ſpace 
path in the Heavens is very different from her path round the Barsch: 4 ſcribed. 


the latter being nearly circular, and conſtantly "oro its onder in 


13 4 


* In this diſcourſe, we may. condi the Orbits of all the Satellites as ekentar, with 
reſpect to their primary Planets ; becauſe the excentricities of their Orbits are too * to 
have any ſenſible effect on the Phenomena here deſcribed. 


Tf open 
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open ' ſpace; the former, a curve of different degrees of concavity, 
which would always keep in the ſame parts of the Heavens, if the 


Moon performed eee number of Lunations in a year. 
Let the end of a chariot-wheel axle repreſent the Earth, and a nail 
in the fide of the rim the Moon: if the body of the chariot be prop'd 


up ſo as to keep that wheel from touching the ground, and the wheel 


be turned round by a hand, the nail will deſcribe a Circle both round 


the end of the axle, and alſo in the ſpace it moves through. But if 


the props are taken away, the horſes put to, and the chariot driven 


Fig. III. 


over a piece of ground of which the ſurface reſembles the ſegment of 
a ſphere, the nail will ſtill move circularly with reſpect to the axle; 


but will deſcribe no Cireles in the ſpace through which it moves. 


In this caſe, whilſt the axle has a progreſſive motion, the nail will 
deſcribe an Epicycle, ſuch as the curve 4, croſſing itſelf as often as 
the nail goes round the axle, But although this bears ſome reſem- 
blance to the path of the Moon, it is not exactly fimilar ; and therefore 
we muſt correct it in theory. In order to which, let us ſuppoſe the 
wheel to be enlarged, and the nail inſtead of being fixed in the rim, 
to be fixed in one of the ſpokes; and then it will deſcribe the path 5, 
which juſt barely croſſes itſelf, as at 4, 7, 11, &c. But even this is not 


preciſe; for theMoon's path in the Heavens is always progreſſive ; never 


Fig. II. 


turning back, nor croſſing itſelf. Let us therefore imagine the wheel to 


be yet more enlarged, and the nail to be put a little farther from its 
centre, and it will deſcribe the path c, forming arches like ſegments 


of Circles joined together, as at 7 and 14. Some have imagined the 


_ © Moon's path to be like this laſt curve, and have publiſhed it as ſuch; 
but the Moon's path neither makes Loops nor Angles, being con- 
cave to the Sun throughout“, as repreſented by the ſmalleſt curve 


line abed : the thickeſt curve, with the numeral Figures ſet to it, 


being drawn to repreſent as much of the Earth's annual path from 


weſt to eaſt as the Earth deſcribes in 32 days, accounted from any 


particular New Moon. The Sun is ſuppoſed to be in the center of 


this laſt curve; and the ſmall dotted Circles upon it repreſent the 


Proportion of Moon's Orbit, of which the Radius is in the ſame proportion to the 


the Moon's 
Orbit to the 
Earth's. 


Fig. II. 


Earth's path in this ſcheme, that the Radius of the Moon's Orbit in 
the Heavens bears to the Radius of the Earth's annual path round 
the Sun; that is, as 240,000 to 81,000,000, or as 1 to 337+. 

When the Earth is at A the New Moon is at a; and in the ſeven 
days that the Earth-deſcribes the curve 1 2:3 45 6 7, the Moon in ac- 
* 5 4 publiſhed it 4. D. 1745, in a large Scheme, from which Fig, II. of Pl. VIII. 


Ard 8 companying 
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companying it deſcribes. the curve ab; and is. in hes frſt Quarter at at - 11177 
b. when the Earth is at B. As the Earth deſeribes the curve B 9 
10 11 12 13 14 the Moon deſcribes the curve be; and is oppoſite 
to the Sun at c, when. the Earth i is at C. Whilſt the Earth deſcribes 
the curye C 15 16 1718 19 20 21 22 the Moon, deſcribes, the curve 
cd; and is in her third Quarter at d when the Earth is at D, Once 
more, whilſt the Earth deſcribes; the curve D 2324 25.26 27 28 29 
the Moon deſcribes the curve de; and is again in conjunction at e 
with the Sun, when the Earth is at E, between the agth and zoth 
day of the Moon's age, accounted by the numeral Figures from the 

New Moon at A. In deſcribing, the curve abede, the Moon goes 
round the progteſſive Earth as really as if ſhe had. gone round it in 
the dotted Circle A, and the Earth had continued eee in the 
center of that Circle. 

And thus we ſee, that although the =o Ser round the Earth The Moon's 
in a Circle, with reſpect to the Earth's. centre, her real, path in — * 
Heavens is not very different in appearance from the Earth's path. towards the 
To ſhew that the Moon's. path is concave to the Sun, even at the San. | 
time of Change, it is carried on a little farther inte a ed Luna- | 
tion, as to f. ETA | 
273. The Moon's abſolute motion from her Change, to har firſt 1 | 
Quarter, or from a to 6, is ſo much ſlower than the,Earth's,..that - -- - 
ſhe falls 240 thouſand miles (equal to the Semidiameter of her Or- | 
bit) behind the Earth at her firſt Quarter in h, when the Earth is in ll 
B; that is, ſhe falls back a ſpace equal to her diſtance from the Earth, | 1 
From that time her motion is gradually accelerated to her Oppoſition «| 
or Full at c, and then ſhe is come up as far 38. the Earth; having How ber mo- | 
regained what ſhe loſt in her firſt Quarter from a.to b. From the — _ 
Full to the laſt Quarter at 4 her motion, continues accelerated, ſo as ed and acce- 
to be juſt as far before the Earth at D, as ſhe was behind it at her '<r*«<4. 
firſt Quarter in 4. But, from d to e her motion. is retarded ſo, that ſhe 
loſes as much with reſpect to the Earth as is equal to her diſtance from 
tt, or to the Semidiameter of her Orbit; and by that means ſhe comes 
to e, and is then in conjunction with the Sun as ſeen; from the Earth - 
at E. Hence we find, that the Moon's . abſolute. motion is. flower 
than the Earth's from her third Quarter to her firſt; and ſwifter than 
the Earth's from her firſt Quarter to her third: her path being, leſs 
curved than the Earth's in the former caſe, and more in the latter. 
Vet it is ſtill bent the ſame way towards the Sun; for if we imagine 
the concavity of the Earth's Orbit to be meaſured by the length of a 
n line , let down from the Earth's _— upon hg 

* 
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| ah line bed a the Full of the Moon; and connecting the places 
of t 


Earth at the end of the Moon's firſt and third Quarters, that 
length will be abe ve 640 thouſand miles; and the Moon when New 
only approaching nearer to the Sun by 2340 thouſand miles than the 
Rarth is, the length of the perpendicular let down from her place at 
that time the ſame ſtraight line, and which ſhews the con- 


cavity of that! part ef her path, will be about 400 thouſand miles. 


Fig. II. 


274. Let us nom ſuppoſe the circumference of the chariot- wheel, 

922, to be equal to the length of the curve ABCDE, the ground 
on-wWhich ir drives to be juſt ſach a ſegment of a Circle, and the re- 
volving nail to be no farther from the centre than à is from 4; and 
then, hilſt the wheel turns once round in moving along this ſeg- 
ment, à pin in the end of the axle will deſcribe a curve equal and 
parallel to the curve ABC DE; which parallel curve will be a true 
reſemblance in miniature of the Earth's path, during one Lunation ; 


and the curve deſcribed” by a pin in the head of the revolving nail 


A difhcu'ty 
removed. 


will as truly repreſent the-Moon's path, both in open ſpace and round 
the Earth for that time. The machine, Fi ig. 5th, is for delineating 
the Moon's path; and ſhall be deſcribed with the reft of my aftrono- 
mical apparatus in the laſt chapter. 

- 1275+ The Moon's path being concave to the San Neander, de- 
monſtrates that her gravity towards the Sun, at her conjunction, ex- 
ceeds her gravity towards the Earth. And if we conſider that the 
quantity-of matter in the Sun is almoſt 230 thouſand times as great 
as the quantity of matter in the Earth, $ 100, and that the attraction 
of each body diminiſhes-as the ſquare of the diſtance from it increaſes, 


we ſhall ſoon find that the point of ual attraction, where theſe two 


powers would be equally ſtrong, put 56 thouſand miles nearer 


the Earth, than the Moon is at + bre It may now appear fur- 


priſing that the Moon does not abandon the Earth, when. ſhe is be- 
tween it and the Sun, becauſe the is confiderably more attracted by 


the Sun than by the Earth at that time. But this difficulty vaniſhes 


when we conſider, that the Moon is fo near the Earth in proportion 
to the Earth's diſtance from the Sun, that ſhe is but very little more 
attracted by him at that time than the Earth is; and whilſt the Earth's 
attraction is greater upon the Moon than the difference of the Sun's 
attraction upon the Earth and her (and that it is always much greater 
is demonſtrable) there is not the leaſt danger of her leaving the Earth; 

for if the ſhould fall towards the Sun, the Earth would follow ker 
almoſt with equal fpeed. The abſolute attraction of the Earth upon 


2 drop of falling rain is much — than the abſolute attraction _ 
e 


abanden the Earth at the time e ber Change. = 143 


the particles of that drop upon each other, or of its center upon all PL VIII. 
parts of its circumference; but then its ſide next the Earth is attracted 
with ſo very little more force than its center, or even its oppoſite ſide; 
that the attraction of the center of the drop upon its fide next the 
Earth is much greater than the difference of ſoree by which the Earth 
attracts its nearer ſurface and center: on which account the drop pre- 
ſerves its round figure, and might be projected about the Earth by a 
ſtrong circulating wind, fo as to be kept from falling to the Earth. It 
is much the ſame with the Earth and Moon in reſpect to the Sun] for 
if we ſhould ſuppoſe the Moon's Orbit to be filled with a fluid Globe, 
of which all the parts would be attracted towards the Earth in its 
center, but the whole of it much more attracted by the Sun; one part 
of it could not fall to the Sun without the other, and a ſufficient pro- 
jectile force would carry the whole fluid Globe round the Sun. 4 
ſhip, at the diſtance of the Moon, failing round the Earth on the ſur- 
face of the fluid Globe, could no more be taken away by the Sun 
when on the ſide next to him, than the Earth could be taken away 
from it when on the oppoſite ſide; which could never happen unleſs 
the Earth's projectile motion were ſtopt; in which caſe the Ship, with 
the whole fluid Globe, Earth, and all together, would as naturally fall 
to the Sun as a drop of rain in calm air falls to the Earth. Henet we 
may ſee, that the Earth is in no more danger of being left by the Moon 
at the Change, than the Moon is of being left by the Earth at the 
Full : the diameter of the Moon's Orbit being ſo ſmall in compariſon 
of the Sun's diſtance, that the Moon is but little more or leſs: attracted 
than the Earth at any time. And as the Moon's projectile force keeps 
her from falling to the Earth, ſo the Earth's projectile force keeps it 
from falling to the Sun. dre heated N ty ag e 
276. The curves which Jupiter's Satellites deſcribe,-are all of them rig. III. 
different from the path deſcribed by our. Moon; although they circulate 
round him as the Moon does round the Earth. Let ABCDE, &c. be as 
much of Jupiter's Orbit as he deſcribes in 18 days from A-to'T4- and 
the curves a b cd will be the paths of his four Moons going round him 
in his progreſſive motion. 107261070030 man god rue 
Now let us ſuppoſe all theſe Moons to ſet out from à conjunction The abſolute 
with the Sun, as ſeen from Jupiter, which being then at A, his firſt — 
or neareſt Moon will be at a, his ſecond at 5; his third at c, and His $ :ellites de- 
fourth at d. At the end of 24 hours after this conjunction, Jupiter lineated. © 
has moved to B, his firſt Moon or Satellitè has deſcribed the curve | 
al, the ſecond the curve 6:1, the third cr, and the fourth i. The 
next day when Jupiter is at C, his firſt Satellite has deſcribed the 1 
0 | 1 9 | . 
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PL. VIII. from its conjunction, the ſecond the curve ha, the third the curve c2, 
| and the fourth the curve dz, and ſo on. The numeral Figures un- 
| der the capital Letters ſhew: Jupiter's place in his path every day for 
| 18 days, accounted from A to 7; and the like Figures ſet to the 
paths of his Satellites, ſhnew where they are at the like times. The 

firſt Satellite, almoſt under C, is ſtationary at ＋ as ſeen from the 

Sun ; and retrograde from to 2, where it appears ſtationary again: 

thence it moves forward until it has paſt 3, and is twice ſtationary, 

and once retrograde between 3 and 4. The path of this Satellite 

croſſes itſelf every 424 hours of our time, making ſuch loops as in 

the Diagram at 2 3 57 9 10 12 14 16 18, a little after every Con- 
junction. The ſecond: Satellite 5; moving ſlower, barely croſſes its 

— every 3 days 13 hours; as at 4 7 11 14 18, making only five 

loops and as many conjunctions in the time that the firſt makes ten. 
Fig . The third Satellite c moving ſtill flower, and having deſcribed the 
curve c12 34 567, comes to an Angle at 7 in conjunction with 

the Sun at the end of 7 days 4 hours; and ſo goes on to deſcribe 

ſuch another curve 7 8 9 101112 13 14, and is at 14 in its next 
conjunction. The fourth Satellite dis always progreſſive, making 
neither Loops nor Angles in the Heavens; but comes to its next con- 

junction at e, between the numeral figures 16 and 17; or in 16 days 

18 hours. With ſome labour I found points for every hour's mo- 

tion of theſe four Satellites, and drew the curves through theſe points 

to ſuch a degree of exactneſs as may be rely d on for true repreſenta- 

tions of their paths. | 

The grand 277. It appears by the ſcheme, that the three firſt Satellites come 
Period of Jo- almoſt into the ſame line or poſition every ſeventh day; the firſt be- 
* ing only a little behind with the ſecond, and the ſecond behind with the 
third. But the period of the fourth Satellite is ſo incommenſurate to 

the periods of the other three, that it cannot be gueſſed at by the dia- 
am when it would again fall into a line of conjunction with them, 
D the Sun. And no wonder; for ſuppoſing them 

all to have been once in conjunction, it will require 3,087, o43, 493, 260 

years to _ them in a conjunction again: See F 75. 

Fig. IV. 278. In Fig. Ath we have the proportions of the Orbits of Saturn's 
The propor. five Satellites, and of Jupiter's four, to one another, to our Moon's 
tions of the Orbit, and to the diſc of the Sun. & is the Sun; Mm the Moon's 
r Orbit (the Earth ſuppoſed to be at E;) 77 Jupiter; 1,2, 3,4, the Or- 
Satellites. bits of his four Moons or Satellites; Sat Saturn; and 1,2, 3, 4, 5, the 
Orbits of his five Moons. Hence it appears, that the Sun would much 

more than fill the whole Orbit of the Moon; for his diameter is 


963,000 miles, and the diameter of her Orbit only 480,000. In 
- propor- 
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The Curves deſcribed by the ſecondary Planets, 145 


proportion to all theſe Orbits of the Satellites, che Radius of Saturn's 
annual Orbit would be 2 14 yards, of Jupiter's Orbit 112, and of the 
Earth's 2+, taking them' all in round numbers. 


279. The - 
111 
ews at once ©. 2 Orbit to the Radius] Revolution to the Re- lite to the Velocity] 
what opor- | S 8 of the Orbit I sf of its Fr Pla- 
8 4 Ci E Ai . 3 1 1 > 
on Q if As 5322 to 1 4 ry to I As5738to 5324 
locities, of all| © | - 4155; . ih 1 3912 4155 
the Satellites 8 3 2954 I 2347 1[ 2347 2954] 
bear to thoſe 8 #4 2 074 1 074 1295] 
of their pri- 5 432 1 134 I} 134 432 
mary Planets, he | 
and what ſort % 1]As 1851 to 1|As 2445 to 1 F 
of curves the bs 2 h 1165 11 1219 i 1219 1165 4d i 
ſeveral Satel- Z. 3] ' 1 r © 1] 604 731 | ; | 
lites deſcribe. |2' 4 AY Go 1 ie ens © 
For, thoſe Sa- | ———ůů—— — — 5 
tellites whoſe | „be, As 3372 to: 11 As 127 to 1 tAs — 


velocities round 
their primaries are greater than the velocities of their primary Planets .. 
in open ſpace, make loops: at their conjunctions, & 276; appearing | 
retrograde as ſeen from the Sun, whilſt they deſcribe the inferior parts | | 
of their Orbits, and direct whilſt they deſcribe the ſuperior. This 
is the caſe with Jupiter's firſt and ſecond Satellites, and with Saturn's 13 
firſt. But thoſe Satellites whoſe velocities are ' leſs than the velocities ' | 
of their primaries, move direct in their whole circumvolutions ; 
which is the caſe of the third and fourth Satellites of Jupiter, and of 
the ſecond, third, fourth, and fifth Satellites of Saturn, as well as of 
our Satellite the Moon: But the Moon is the only Satellite whoſe 
motion is always concave to the Sun. There is a table of this ſort in | 
Die la Cailk's Aſtronomy, but it is very different from the above table, | | 
which I have computed from our Engliſb accounts of the periode and | 
diſtances of theſe Planets and Satellites, | "= 
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146 . Of- the Tides. 


HA b. XIII. 
Of the ebbing and flowing of the Sea. 


PLATE IX, 280. HE cauſe of the Tides was diſcovered by Kreren, who, 


in his Introduction to the Phyſics of the Heavens, thus ex- 
plains it: © The Orb of the attracting power, which is in the Moon, 
is extended as far as the Earth; and draws the waters under the tor- 


f o ol 55 o o a * - 
N rid Zone, acting upon places where it is vertical, inſenſibly on in- 


covered by cluded ſeas and bays, but ſenſibly on the ocean whoſe beds are large, 
REPLER. and the waters have the liberty of reciprocation ; that is, of riſing and 
falling.” And in the 7oth page of his Lunar Aftronomy — © But 
the cauſe of the Tides of the Sea appears to be the bodies of the Sun 
Their Theory and Moon drawing the waters of the Sea.” This hint being given, the 
improved by immortal Sir Is AAc NEWTON improved it, and wrote ſo amply on 
Nara the ſubject, as to make the Theory of the Tides in a manner quite 
his own; by diſcovering the cauſe of their riſing on the ſide of the 
Earth oppoſite to the Moon. For KePLER believed that the preſence 
of the Nikon occaſions an impulſe which cauſes another in her ab- 
nice... | | 

And explain- _ 281. It has been already ſhewn, F 145, that the power of gravity 
ed on the diminiſhes as the ſquare of the diſtance increaſes ; and therefore the 
——_ waters at Z on the fide of the Earth ABCDEFGH next the Moon 
M are more attracted than the central parts of the Earth O by the 
Fig. I. Moon, and the central parts are more attracted by her than the wa- 
ters on the oppoſite ſide of the Earth at 2. This is alſo true with 
regard to the Sun's attraction, but in a much leſs degree: for the dia- 
meter of the Earth bears ſuch a ſenſible proportion to the diſtance of 
the Moon, that her attraction muſt be conſiderably greater on the 
waters next her than on thoſe of the oppoſite fide. But the Earth's 
diameter is fo very ſhort, in proportion to the Sun's diſtance from the 
Earth, that his attraction can be but very little greater on the fide of it 
which is next to him, than on the oppoſite fide : and therefore the 
Moon's influence muſt be much greater than the Sun's in raifing the 

Tides. : 
282. Let us ſuppoſe a flexible ring of Moons to circulate round 
the Earth, at the diſtance of our Moon ; the Sun's attraction to be the 
ſam2 at all diſtances, and the Earth's projectile motion to be ſtopt. 


In this caſe, the Earth and its Moons would fall freely towards the 


Sun 
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the Moon's Orbit, 
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Sun with equal velocities, being all attracted by the ſame equal power ; PLATE 1X, 


and therefore the Figure of the Orbit in which the Moons move round 
the Earth, would ſtill continue the ſame ; for it would be a Circle 
having the Earth in its center, all the way to the Sun. | 


283. But the Sun's attraction diminiſhes in proportion to the Fig: II. 


ſquares of the diſtances from him : and therefore, if we ſuppoſe the 
Sun to be at S, the Earth at g, and the Ellipſis NyZo to be a ring 
of Moons; as theſe Moons come ſucceſſively to Z in conjunction 

with the Sun, they are nearer to him than hi Earth is, and there- 
fore more attracted by. him: as they come to NM. in oppoſition to 
the Sun, they are farther from him than the Earth is, and conſequently 
leſs attracted by him: in their quadratures at o and g they are attracted 
with the: ſame force, being at the ſame diſtance as the Earth, but are 
not attracted in parallel lines, becauſe of their tendency towards the 
Sun's center; and this oblique attraction draws them nearer to the 
Earth than they would be, if attracted in parallel lines toward the 
Sun. Hence 'tis evident, that the Moons in conjunction being more 
ſtrongly attracted than the Earth toward the Sun, mult recede farther 
from the Earth; whilſt the Earth, being more ſtrongly attracted than 

the oppoſite Moons, muſt recede farther from them: and in both - 
caſes their gravity towards the Earth is diminiſhed, but at-their qua- 
dratures it is increaſed ; and therefore they will go round the Earth 
in an elliptical Orbit, of which the longeſt diameter points toward 


the Sun. The Earth has only one Moon to attend it; but ſhe is 


the ſame way affected by the Sun's attraction in every part of her 
Orbit as each particular Moon in the ring would be, in every ſuch 


part of the Orbit; and therefore the Sun's attraction diminiſhes the 


Moon's gravity towards the Earth, both at her conjunction and oppo- 
ſition, and increaſes it at her quadratures ; which cauſes her to move 
in an elliptic Orbit. 7-54 

284. The two laſt articles being well underſtood, let us ſuppoſe 
the Earth to be projected in the ſtraight line 284, and the Moon to 


continue her motion round the Earth“. From this rectilineal covrſe, 


in which the projectile force would carry the Earth, the Sun is conti- 
nually drawing it towards him by the power of attraction ; and it 


falls as far ſrom the line of projection, as if its rectilineal courſe was 


ſtopt, and it was ſuffered in the ſame time to fall freely towards the 
Sun. At the Conjunction, the Moon is more ſtrongly attracted than 
the Earth, and therefore her gravity towards the Earth becomes leſs, on 


* Here we ſuppoſe the Sun to be at S, the Earth at g, and the Ellipſis Ny Zo to be 
TS. - | which 


148 Of the Tides. 


PLATE IX. which account ſhe recedes farther from it: but, at her oppoſition, ſhe 
is leſs attracted than the Earth towards the Sun, by which her gravity 


towards the Earth is again diminiſhed, and ſhe recedes farther from 


it, as before; and moves round the Earth in ſuch an elliptic 
Orbit, whilſt the Earth is going round the Sun, as ſhe would de- 
{cribe if the Earth's projectile motion was ſtopt, and the Earth allowed 
to fall freely towards the Sun; only with this difference, that as the 
Earth came nearer to the Sun, the Moon's Orbit would become more 
n | | 
Fig. II. 285. To illuſtrate farther what we ſhall have occafion to ſpeak of 
by and by, let S be the Sun, and 799 a fluid Globe 480 thouſand 


miles in diameter, which would be large enough to fill the Moon's 


Orbit; and let this Globe be projected as our Earth is round the Sun. 


Then the point p, which is fartheſt from the Sun, will have a greater 


centrifugal force, or tendency to fly off from the Sun, than the point 


u, which is neareſt him; becauſe the Circle g which the point p 


deſcribes, is greater than the Circle lum deſcribed by the point » in 
the ſame time. Conſequently, the point p requires a greater attractive 
power in the Sun to keep it from flying off the Circle 7pz than the 
point 2 does to keep it from flying off the Circle Im; and the 
central point g a mean attractive force between the other two. 
The Sun 286. Now, ſuppoſing the San's attractive power were equally ſtrong 
would raiſe at all diſtances from him, the power required to keep the point g in 
the Earch's the Circle gb, would be too ſtrong, or more than ſufficient, to keep 
bulk was con · the point ; in the Circle um; and too weak, or leſs than ſufficient, 


—_— aug to keep the point p in the Circle : the obvious reſult of which 


1 


Z; and would move within the Circle m; and the point p would 
recede farther from the Sun, as to M; and would move without the 


Circle rpz : whilſt the point & would conſtantly keep in the Circle 


Fb. And fo, this great fluid Globe would put on the oval figure 
292 of which the longeſt diameter NgZ would point towards 
e Sun S. ; 

287. But, becauſe the Sun's attraction is ſtrongeſt where the diſtance: 
is leaſt, weakeſt where the diſtance is greateſt, tis plain that the forces 
requiſite to keep the points 7 and p in their reſpectve Circles are re- 
verſed. For the point 2, which requires the leaſt force, being neareſt, 


is attracted the moſt ; and the point p, which requires the greateſt 
force, being fartheſt, is attracted the leaſt ; and therefore, both theſe 


points will recede yet farther from the center g, which has juſt force 
enough to keep it in its Circle; and fo, the Globe will become 
2 more 
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would be, the point » would be drawn nearer the Sun, as to 
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288. Now, if there was a 1 of Earth raiſe from! the center Fig. It. 


of this fluid Globe, in the plane of its. longeſt diameter , and 


the top of this column reached a little higher than the fluid parts 


about Mor Z ; as the Globe turns found its center g, and, carries 
the column round with it, the top of the columni would have two 
Tides of Flood, and two of Ebb, every 24 houtds :| that is, When j 


comes under the Sun & it would have a Tide of Flood at Z, which it 
would leave as the Earth turns eaſtward, and in 6 hours time it would 

come to o, where it would have low water: but in revolving thence 
towards þ, the waters would gradually ſwell or riſe higher on tlie 
column, until it came to p, where it Would have another Tide of 


Flood at M. as high as it had at E twelve hours before; and in fix 
hours after departing from p or N it would come to 3, where the 


water would be as low as it was at o, twelve hours before. Hence 
tis evident, that if the Earth were large enough for its diameter to 
bear a ſenſible proportion to the Sun's diſtance, there would be two 
Tides of Flood; and two of Ebb, every natural * even if no 
Moon attended the Earth. - 
289. Let us now ſee whether the Moon. raiſes not the Tides from The Moon 
2 ſimilar Cauſe to what the Sun would do if the Earth were ſo large raiſes the 


Tides, as the 


J 


more elliptical than if the Sun attracted. VERY; aut; of Kink: dd ar 13 X. 


| 
is 


as above-mentioned. For although the Earth moves not round” the gun would ds 


Moon as it does round the Sun; yet in 
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—— And this point, or center of alen, at h nearer Ie Wander ; 
of the Earth, in proportion to its bulk, than the Earth would be to 


the Sun's center, in proportion to its bulk, if it were large enough 


to fill the Moon's Orbit: and therefore, as things are now circum- 
ſtanced, the Moon's power to raiſe the Tides muſt be greater than 


the Sun's could be, if the Earth were ſo much larger, and the Moon 
annihilated. The quantity of matter in the Earth is about 40 times 


as great as the quantity of matter in the Moon; conſequently the 


center of gravity of the Earth and Moon is 40 times nearer the Earth's 


center than the Moon's; that is, about 2000 miles from the Earth's 


ſurface. In the ſame Figure let 10 9 be the Earth, g its Center, 
M the Moon, TH part of her Orbit, = C. the center of gravity 


of the Earth and Moon, round which theſe two. bodies revolve every 
| lunar 


every lunar month it goes if the Earth 
—— o center 1. gravity; of the Faid Lare Mares t -e be hes 
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PLATE H upar month *;; in Which time the point » deſcribes the Circle  v &, 
the point g the Circle g e d, and the point p the Circle þ 5 7 : 'tis 
exident that the tendency of theſe: three points u, g, and p, to fly off 
from the Circles they deſcribe, or in other words, their * Do) 

Fig. Il, forces, are reſpectively as the Semidiameters of theſe Circles; that is, 
as Cn, Cg, and Cp; which in miles are 2000,6000, and 10000; 

«and therefore, the centrifugal force of the point p is | five times as 

great as that of: the point 2, and for that reaſon it requires five times 

as much attractive power to keep it in its Circle, as 7 does; and the 

point g a mean attractive power between the other two. 575 

290. Now, let us ſuppoſe, that the Moon attracts with equal force 

-at all diſtances; and it will appear, that her attractic n, which is 

juſt ſufficient to keep the Earth's center g in the Circle g e d, is too 

ſtrong for the point 2 next the Moon, which requires leſs force to 

keep it in a ſmaller Circle; and too weak for the point p fartheſt from 

the Moon, which, by deſcribing a greater Circle, requires more force 

to keep it from flying off; and therefore both theſe points will recede 

farther from the center g. which ſhews that the Tides would riſe 

| both under and. oppoſite to the. Moon, by virtue of the different cen- 
| trifugal forces of theſe two ſides of the Earth, in going round the 

| „common center of gravity of the Earth and Moon. | 

| 2291. But, becauſe the Moon-attracts ſtrongeſt where ſhe is neareſt, 
| | and weakeſt where ſhe is fartheſt off, her attraction is conſiderably 
| greater on the point ꝝ than on the point g; ſo that the point , which 
rkeͤquires leaſt force to keep it in the Circle nu x, is attracted the 
moſt; and the point p, which requires the greateſt force to keep it 

in the Circle þ 57, is attracted the leaſt : the plain reſult of which is, 

that the waters both at n and p, have their gravity towards the Earth's 
center yet more diminiſhed : and therefore will recede till farther 

from the center g, which is attracted with a mean force between the 

two ſides at z:and p; and ſo the Tides will riſe higher on both ſides 

of the Earth, than if the Moon attracted all parts of it with equal 

force. But the Moon's oblique attraction on the waters at o and ꝙ in- 

creaſes their gravity towards the Earth's center, and by that means 

ſinks them lower than if they were attracted in parallel lines, § 283. 

Why be 292. Thus it is plain, that the Moon affects the Sea in the ſame 
Tides obey manner as the Sun would affect a flexible ring of Moons, or a fluid 
me Moon Globe large enough to fill the Moon's Orbit; but in a greater degree, 
the Sun. becauſe the difference of the centrifugal force of the Seas under and 
oppoſite to the Moon, is greater than the difference of theſe forces 

| | * See Rowning's Philfophy, Vol. II. page 269. 
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between that part of the ring of Moons, or fluid Globe, next the PLATE; IX. 
Sun, and on the fide oppoſite to him. And if we conſider, that 
the Earth is but very ſmall, in proportion to the Orbit in which it 
moves, we ſhall ſoon underſtand, that its fide, which is fartheſt from 
the Sun, has but very little more centrifugal force with reſpect to that 
Orbit, than the fide has which 'is neareſt him ; and therefore, the 
Sun's influence in compariſon of the Moon's is but ſmall, in raiſing 
the Tides. © | | F245 

293. From this Theory (ſo far as explained above) it appears, that why the 
the Tides ought to be higheſt directly under and oppoſite to the Moon ; f. deere rot 
that is, when the Moon is due north and ſouth. But we find, that in open che Noon is. 
Seas, where the water flows freely, the Moon M is generally three on the Meri- 
hours paſt the north and ſouth Meridian, being at p, when it is high 5. 
water at Z and at u. The reaſon is obvious; for the Moon's attraction Fig. 1. 
continues ſome hours aſter ſhe has paſt the Meridian, though not ſo 
ſtrong as when ſhe was upon it: and the influence of the weaker 
attraction, joined to that of the ſtronger, ſtill augments the force ; 
as a ſmall ſum added to a great one, makes it ſtill greater; or as a 
little force applied to a ball already thrown up in the Air raiſes it ſtill 
higher, If any one puts his hand near a fire where the heat is very _ 
ſtrong, and immediately begins to draw it ſlowly back to where the 
heat is really leſs, he will find the heat greater when. he has with- 
drawn his hand four or five inches than when it was ſo much nearer 
the fire. And experience ſhews, that the day is hotter about three 
in the afternoon, than when the Sun is on the Meridian, becauſe. of 
the increment made to the heat already imparted. _ | 

294. The Tides anſwer not always to the ſame diſtance of the Nor always 
Moon from the Meridian at the fame places; but are variouſly af- pwr to ver 
feed by the action of the Sun, which brings them on ſooner when 1 
the Moon is in her firſt and third Quarters, and keeps them back from it. 
later when ſhe is in her ſecond and fourth: becauſe, in the former 
caſe, the Tide raiſed by the Sun alone would be earlier than the Tide 
raiſed by the Moon; and in the latter caſe later. 

295. The Moon goes round the Earth in an elliptic Orbit, and 
therefore ſhe approaches nearer to the Earth than her mean diſtance, N 
and recedes farther from it in every lunar month. When ſhe is POTS. 
neareſt ſhe attracts ſtrongeſt, and fo raiſes the Tides moſt; the con- 
trary happens when ſhe is fartheſt, becauſe of her weaker attraction, 
When both Luminaries are in the Equator, and the Moon in Perigeo, 
or at her leaſt diſtance from the Earth, ſhe raiſes the Tides higheſt of 
all, eſpecially at her Conjunction and Oppoſition ; both becauſe. the 

| | 9 
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PLATE 1X. equatoreal parts have the greateſt centrifugal force from their deſerib- 
ing the largeſt Circle, and from the concurring actions of the Sun and 
Moon. At the Change, the attractive forces of the Sun and Moon 
being united, they diminiſh the gravity of the waters under the Moon, 
which is alſo diminiſhed on the other ſide, by means of a greater cen- 
- trifugal force. At the Full, whilſt the Moon raiſes the Tide under 
rig VI, and oppolite to her, the Sun acting in the fame line, raiſes the Tide 
under and oppoſite to him; whence their conjoint effect is the ſame 
as at the Change; and in both caſes, occaſion what we call he Spring 
Tides. But at the Quarters the Sun's action on the waters at G and 
H diminiſhes the Moon's action on the waters at Z and N; ſo that 
they riſe a little under and oppoſite to the Sun at O and H, and fall 
as much under and oppoſite to the Moon at Z and N; and make 
what we call the Neap Tides, becauſe the actions of the Sun and 
Moon are then croſs-wiſe to each other. But, ſtrictly ſpeaking, theſe 
Tides happen not till ſome time after; becauſe in this, as in other 
caſes, & 293, the actions do not produce the greateſt effect when they 
are at the ſtrongeſt, but ſome time afterward. 

Not greateſt 296. The Sun being nearer the Earth in Winter than in Summer, 
at the Equi- & 194, is of courſe nearer to it in February and October than in March 
a and and September : and therefore the greateſt Tides happen not till ſome 
time after the autumnal Equinox, and return a little before the 

vernal. | | | | 
The Tides 297. The Sea being thus put in motion, would continue to ebb 
ont mats „and flow for.ſeveral times, even though the Sun and Moon were an- 
— the nihilated, or their ation ſhould ceaſe: as if a baſon of water were 
annihilation agitated, the water would continue to move for ſome time after the 
par ras baſon was left to ſtand ſtill. Or like a Pendulum, which having 
been put in motion by the hand, continues to make ſeveral vibrations 

| without any new impulſe. | 

The lunar 298. When the Moon is in the Equator, the Tides are equally 
day, what. High in both parts of the lunar day, or time of the Moon's revolv- 
ing from the Meridian to the Meridian again, which is 24 hours 48 
; minutes. But as the Moon declines from the Equator towards either 
The Tides Pole, the Tides are alternately higher and lower at places having north 
riſe to un- Or ſouth Latitude. For, one of the higheſt elevations, which is that 
ge height under the Moon, follows her towards the ſame Pole, and the other 
ry why, declines towards the oppoſite ; each deſcribing parallels as far diſtant 
from the Equator, on oppoſite ſides, as the Moon declines from it to 
either fide; and conſequently, the parallels deſcribed by theſe eleva- 
tions of the water are twice as many degrees from one another = 
e 
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the Moon is from the Equator ; increafing their diſtance as the Moon PLATE N. 


increaſes her declination, till it be at the greateſt when the ſaid pa- 


rallels are, at a mean ſtate, 47 degrees from one another: and on 
that day, the Tides are moſt unequal in their heights, * As the Moon 


returns toward the Equator, the parallels deſcribed by the oppoſite 
elevations approach towards each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon declines toward the 


oppoſite Pole, at equal diſtances, each elevation deſcribes the fame 


parallel in the other part of the lunar day, which its oppoſite eleva- 


tion deſcribed before. Whilſt the Moon has north declination, the pig. III, Iv, 
greateſt Tides, in the northern Hemiſphere are when ſhe is above the V- 


Horizon; and the reverſe whilſt her declination is ſouth. For, let 
NES be the Earth, NCS its Axis, E the Equator, TS the Tro- 
pic of Cancer, W the Tropic of Capricorn, ab the arctic Circle, 
cd the Antarctic, N the north Pole, & the fouth Pole, M the Moon, 
Fand G the two eminences of water, whoſe loweſt parts are at 4 
and d (Fig. III.) at N and & (Fig. IV.) and at & and 4 (Fig. V.) al- 
ways go degrees from the higheſt. _ rn ape 


When the Moon is in her greateſt north declination at M, the Fig. 111. 


higheſt elevation G under her, is on the Tropic of Cancer 7, and- 
the oppoſite elevation F on the Tropic of Capricorn ZW ; and theſe 
two elevations deſcribe the Tropics by the Earth's diurnal rotation. 
All places in the northern Hemiſphere EM have the higheſt Tides 
when they come into the poſition 42, under the Moon; and the 
loweſt Tides when the Earth's diurnal rotation carries them into the po- 
ſition aTE, on the fide oppoſite to the Moon; the reverſe happens 
at the ſame time in the ſouthern Hemiſphere ES, as is evident to 
ſight. The Axis of the Tides C has now its Poles @ and d (be- 
ing always go degrees from the higheſt elevations) in the arctic and 
antarctic Circles; and therefore tis plain, that at theſe Circles there is 
but one Tide of Flood, and one of Ebb, in the lunar day. For, 
when the point 4 revolves half round to &, in 12 lunar hours, it has 
a Tide of Flood; but when it comes to the ſame point @ again in 
12 hours more, it has the loweſt ebb. In ſeven days afterward;:the 


Moon M comes to the equinoctial Circle, and is over the Equator ES, Fig. Iv. 


when both Elevations deſcribe the 3 and in both Hemiſpheres, 
at equal diſtances from the Equator, the Tides are equally high in both 
parts of the lunar day. The whole Phenomena being reverſed when 


the Moon has ſouth declination to what they were when her decli- pig v. 


nation was north, require no farther deſcriptioon. | 


N | 7s "ON by 299. 


4 > 5 
= - * 
* 
* * > * 
« * 
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PLATE IX. 299. In the three laſt mentioned Figures, the Eatth is orthogra- 
phically projected on the plane of the Madam; but in order to de- 
Fig. VI. ſcribe a particular Phenomenon we how project it on the plane of 
the Ecliptic. Let HZON be the Earth and Sea, FED the Equator, 
T' the Tropic of Cancer, C the arctic Circle, P the north Pole, and the 
Curves 1, 2, 3, He. 24 Metidians, or hour Circles, interſecting each 
When both other in the Poles, AGM is the Moor's Orbit, & the Sun, M the 
goa nig in Moon, E the Watet &evated 'under the Moon, and N the oppoſite 
the lame day, Equal Elevation. As the loweſt parts of the Water are always 90 
they arrive it fegrees from the higheſt, when the Moon is in either of the Tro- 
eat — as N at N, the Elevation 2 18 on the Tropic of Capricorn, 
and vice ve/o. and the oppoſite Elevation Non the Tropic of Cancer, the low-water 
Circte HCO touches the polar Circles at C, afid the high-water Circle 
Ed goes over the Poles at P, and diwides every parallel of Lati- 
tude in two equal ſegments. In this cafe the Tides upon every pa- 
rallel are alternately higher and lower; but they return in equal times: 
the point T, for example, on the bir op of Cancer (where the depth 
of the Tide is repreſented by the breadth of the dark fhade) has a ſhal- 
lower Tide of Flood at T than when it revolves half round from thence 
to 6, according to the order of the numeral Figures; but it revolves 
as ſoon from 6 to T as it did from T to 6. When the Moon is in 
the Equinoctial, the Elevations Z and N are transferred to the Equa- 
tor at O and H, and the hi and low-water Circles are got into one 
another's former places; m which caſe the "Tides return in unequal 
times, but are equally High in both parts of the lunar day: for a place 
at 1 (under D) revolving as formerly, goes ſooner from 1 to 11 
(under F) than from 11 to 1, becauſe the parallel it deſcribes is cut 
into unequal ſegments by the high- water Circle HCO : but the points 
1 and 11 being equidiftant from the Pole of the Tides at C, which 
is the Pole of t © Moon's Orbit MG, the Elevations are equally high 
in both parts of the day. | 
Zoo. And thus it appears, that as the Tides are governed by the 
Moon, they muſt turn on the Axis of the Moon's Orbit, which is 
inclined '23 degrees to the Earth's Axis at a mean ſtate : and there- 
fore the Poles of the Tides muſt be ſo many degrees from the Poles 
of the Earth, or in oppoſite points of the polar Circles, going round 
theſe Circles in every lunar day. Tis true that according to Fig. IV, 
when the Moon is vertical to the Equator EC, the Poles of the 
Tides ſeem to fall in with the Poles of the World NV and S : but 
when we conſider that PHG is under the Moon's Orbit, it will ap- 
pear, that when the Moon is over H, in the Tropic of Capricorn, _= 
2 nor 
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north Pole of the Tides (which can be no more than 90 degrees 
from under the Moon) muft be at c in the arctic Circle; not at M. 
the north Pole of the Earth; and as the Myon, aſcends from 'H to 
G in her Orbit, the Pale of the Tides muſt ſhift from 0 to 4 in the 


arctic Circle. 


235 


It is not to be. Joukibe but that the Eaith's quick rotation brings "edt 


* Poles of the Tides: nearer to the Poles of — World, than 


would be if the Earth were at reſt, and the Moon revolved about 1 


it only once a month ; for otherwiſe the 'Tides would be more un- 
equal in their heights, and times of their returns, than what we find 
they ar But how near the Eatth's rotation may bring the Poles of 
its Axis and thoſe of the: Tides together, ar how far the Cos 
"Tides may affect thoſe which ant ſo as to make them keep 

nearly to the ſame heights, and times of ebbing and flowing.” 2 a 
Problem more fit to be ſolved by obſervation than by theory. 


301. Thoſe who have opportunity to make obſetvations, and chuſe To know as 
to ſatisfy themſelves whether the Tides are really affected in the above what times 


we may ex- 


manner by the different poſitions of the Moan ; eſpecially as to the pe the 
unequal times of their returns, may take this general rule for know- greateſt and 
ing when they ought to be ſo affected. When the Earth's Axis in- leaſt Lides. 


clines to the Moon, the northern Tides, if not retarded im their paflage 


through Shoals and Channels, nor affected hy the Winds, ought to 


be greateſt when the Moon is above the Horizon, leaſt, when ſhe is 


below it; quite the reverſe when the Earth's Axis deglines from her: 

but in both caſes, at equal intervals of time. When the Earth's Axis 
inclines ſidewiſe to the Moon, both Tides are equally high, but they 
happen at unequal intervals of tune. In every Lunation the Earth's 

Axis inclines once to the Moon, once from her, and twice ſidewiſe 
to her, as it does to the Sun every year; becauſe the Moon goes 
round the Ecliptic every month, and the Sun but ance in a year. In 


Summer, the Earth's Axis inclines towards the Moon when New ; 


and therefore the day-tides in the north 6ught to be higheſt, and 


night-tides loweſt about the Change: at the Full the reverſe. At 


the Quarters they ought to be equally high, but uneqtml in their 
returns; becauſe the Earth's Axis then inelines ſidewiſe to the Moon. 
In Winter the Phenomena are the ſame at Full Moon as in Summer 
at New. In Autumn the Earth's Axis inclines ſidewiſe to the Moon 
when New and Full; therefore the Tides ought to be equally high, 
and unequal in their returns at theſe times. At the firſt Quarter the 
Tides of Flood ſhould be leaſt when the Moon is above the Horizon, 
greateſt when ſhe is below it; and the reverſe at her. third Quarter. 

AL In 


In Spring, the firſt Quarter Phenomena” anſwer to thoſe of the third 
Quarter in Autumn; and vice verſa. The nearer that any time is to 
either of theſe ſeaſons, the more the Tides partake of the Pheno- 
mena of theſe ſeaſons ; and in the middle between any two of them 
the Tides are at a mean ſtate between thoſe of bot. 
Why the 302. In open Seas, the Tides: riſe but to very ſmall heights in 
Tides riſe | proportion to what they do in wide-mouth'd rivers, lying open to the 
bigher in Ri- 1 e ni in | A. Gorch h 
vers than in Ways they flow); which ways of flowing are various according to the 
the Sea, declination of the Moon, For, in great Seas, one particle of water 
puſhes another forward without interruption : but when a large quan- 
tity of water is thrown into the wide mouth of a river, growing nar- 
rower the higher up; the impulſe cauſes a quick motion in the nar- 
rower parts; where the particles being hindered from getting faſt 
enough out of the way of | thoſe which are coming after, are violently 
ve onward, and run over by them ; and this cauſes a ſtronger and 
igher current: Like a gentle wind, little felt on an open plain, but 
ſtrong and briſk in a ſtreet ; eſpecially if the wider end of the ſtreet 
be next the plain, and in the way of the wind. | 15 
The Tides 303. The Tides are ſo retarded in their paſſage through different 
— . at all Shoals and Channels, and otherwiſe fo variouſly affected, by ſtriking 
the Moon againſt Capes, and corners of Land, that to different places they happen 
from the Me- at all diſtances of the Moon from the Meridian; conſequently at atl 
— no hours of the lunar day. The Tide propagated by the Moon in the 
and why, German Ocean, when ſhe is three hours paſt the Meridian, takes 12 
hours to come thence to London bridge; where it arrives at the time 
that a new Tide is raiſed in the Ocean. And therefore, when the 
Moon has north declination, and we ſhould expect the London Tide 
to be greateſt, when the Moon is above the Horizon, we find it is leaſt ; 
and the contrary when ſhe has ſouth declination. At ſeveral places tis 
high water three hours before the Moon comes to the Meridian; but 
that Tide which the Moon puſhes as it were before her, is only the 
Tide oppoſite to that which was raiſed by her when ſhe was nine 
hours paſt the oppofite Meridian. | 
They never 304. There are no Tides in Lakes, becauſe they are generally fo 
riſe in Lakes. ſmall that when the Moon is vertical ſhe attracts every part of them 
alike ; and therefore, by rendering all the water equally light, no 
* of it can be raiſed higher than another. The Mediterranean and 
altic Seas ſuffer very ſmall Elevations, becauſe the Inlets by which 
they communicate with the Ocean, are fo narrow, that they cannot, 
in ſo ſhort a time, receive or empty enough to raiſe or ſink their ſur- 
faces fenſibly. | c 


305. 


. 305. Air being lighter than Water, and the ſurface of the Atmo- * 3 
ſphere being nearer to the Moon than the ſurface of the Sea, it can- raiſes Tides 


not be doubted that the Moon raiſes much higher Tides in the Air in the Air. 


than in the Sea. And'therefore many haye wondered why the Mer- 

cury does not fink in the Barometer, when the Moon's action on the 

particles of Air makes them lighter, as ſhe paſſes over the Meridian. Why the 
But we mult conſider, that as theſe particles are rendered lighter, 'a Mercury in 
greater number of them is accumulated, until the Ir oy of gra- <8 affedded 


vity be made up by the height of the column; and then there is an thereby. 


equilibrium, and conſequently an equal preſſure upon the Mercury as 


before; ſo that it cannot be affected by the aerial Tides. 


. 1 9 


C HAP. MV. 
Of Eclipſes: Their Number and Periods. A lange Cata- 
laue of Ancient and Modern Eclipſes. The year of 


our SAVIOUR'S Paſſion aſcertained. 


306. VERY Planet and Satellite is illuminated b the Sun; A ſhadow, 


and caſts a ſhadow towards that point of the Heavens what. 
which is oppoſite to the Sun. This ſhadow is nothing but a priva- 


tion of light in the ſpace hid from the Sun, by the opake body that 


intercepts his rays. | | = + 
307. When the Sun's light is ſo intercepted by the Moon, that gclipſes of 
to any part of the Earth the Sun appears partly or wholly covered, 1 _ 
he is ſaid to undergo an Eclipſe ; though properly 3 — —— 
an Eclipſe of that part of the Earth where the Moon's ſhadow or 
* Penumbra falls. When the Earth comes between the Sun and 
Moon, the Moon falls into the Earth's ſhadow ; and having no light 
of her own, ſhe- ſuffers a real Eclipſe from the interception of the 
Sun's rays. When the Sun is eclipſed to us, the Moon's Inhabitants 


. on the fide next the Earth (if any ſuch there be) ſee her ſhadow like 
a dark ſpot travelling over the Earth, about twice as faſt as its equa- 
toreal parts move, and the ſame way as they move. When the 


* The Penumbra is a faint kind of ſhadow all around the perfet ſhadow of the 
Moon 


Planet or Satellite; and will be more fully explained by and by. 


—— 


| 
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Moon is in an Eclipſe, the Sun appears eclipſed to her, total to all 
thoſe parts on which the Earth's ſhadow falls, and of as long con- 
tinuance as they are in the ſhadow. 


IH proof thi 308. That the Earth is ſpherical (for the hills take off no more 


=o Earth and from the roundneſs of the Earth, than grains of duſt do from the 
olobiulir bo roundneſs of a common Globe) is evident from the figure of its 


dies, ſhadow on the Moon; which is always bounded by a circular line, 


although the Earth is inceſſantly turning its different ſides to the 
Moon, and very ſeldom ſhews the ſame fide to her in different 
Eclipſes, becauſe they ſeldom happen at the ſame hours. Were the 
Earth ſhaped like a round flat plate, its ſhadow would only be cir- 
cular, when either of its ſides directly faced the Moon; and more 
or lets elliptical as the Earth happened to be turned more or leſs ob- 
liquely towards the Moon, when ſhe is eclipſed. The Moons different 
Phaſes § 262, prove her to be round; for, as ſhe keeps ſtill the 
ſame ſide towards the Earth; if that fide were flat as it appears to be, 
ſhe would never be viſible from the third to the firſt Quarter; and 
from the firſt to the third ſhe would appear as round as when we ſay 
ſhe is Full : becauſe at the end of her firſt Quarter the Sun's light 
would come as ſuddenly on all her ſide next the Earth as it does on 
a flat wall, and go off as abruptly at the end of her third Quarter. 
And that the 309. If the Earth were as big as the Sun, the Planet Mars would 
Duo is much. be eclipſed in the Earth's ſhadow (as the Moon often is) at its oppo- 
wy a ſition to the Sun, and the ſhadow would be infinitely extended of the 
the Moon ſame bulk. Were the Earth bigger than the Sun, its ſhadow would 
mach les. increaſe in bigneſs the farther it was extended, and would eclipſe the 
great Planets Jupiter and Saturn, with all their Moons, when they 
were oppoſite to the Sun. But as Mars in oppoſition never falls into 
the Earth's ſhadow, although he is not then above 42 millions of miles 
from the Earth, 'tis plain that the Earth is much lefs than the Sun; 
for otherwiſe its ſhadow could not end in a point at fo ſmall a diſ- 
tance. Were the Sun no bigger than the Moon, her ſhadow would 
go on to the Earth with an equal bigneſs, and cover a portion of 
the Earth's ſurface more than 2000 miles in breadth, even if it fell 
directly againſt the Earth's center, as ſeen from the Moon: and much 
more if it fell obliquely on the Earth: but the Moon's ſhadow is 
ſeldom found to be above 150 miles broad, unleſs when in total 
Eclipſes of the Sun it falls very obliquely on the Earth. In annular 
Eclipſes, the Moon's real ſhadow ends in a point at ſome diſtance 
from the Earth. The Moon's ſmall diſtance from the Earth, and 
the ſhortneſs of her ſhadow, manifeſtly prove her to be leſs than the 
| | Sun, 
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Of Eclipſes. = 1 
Sun. And, as the Earth's ſhadow is large enough to cover the W 


if her diameter was three times as large as it is (which is evident 
from her long continuance in the ſhadow when ſhe goes through its 
center) tis plain, that the Earth is much bigger than the Moon. 

310. Though all opake bodies on which the Sun ſhines have their The primary 
ſhadows, yet ſuch is the bulk of the Sun, and diſtances of the Planets, A e 
that the Planets can never eclipſe one another. A Primary alone can ds eg 
eclipſe its iecondary, or be eclipſed by it; and that only when in oppo- 
ſition or conjunction with the Sun. The primary Planets are very ſeldom 
in theſe poſitions, but the Sun and Moon are ſo every month: whence 
one may imagine theſe Luminaries ſhould be eclipſed-every month. 

But there are few Eclipſes in reſpect of the number of New and Full 
Moons; the reaſon of which we ſhall now explain. „„ 

311. If the Moon's Orbit were coincident with the Plane of the yy, there are 
Ecliptic, in which the Earth always moves and the Sun appears to ſo few 
move, the Moon's ſhadow would fall upon the Earth at every Change; ie. 
and eclipſe the Sun to ſome parts of the Earth. In like manner t 
Earth's ſhadow would go over the Moon, and eclipſe her at every 
Full; but with this difference, that ſhe would be totally dark- 
ened for above an hour and half; whereas the Sun never was above 
five minutes totally eclipſed by the interpoſition of the Moon. But 
one half of the Moon's Orbit is elevated 5+ degrees above the Ecliptic, The Moon's 
and the other half as much depreſſed below it: conſequently, the Nodes. 
Moon's Orbit interſects the Ecliptic in two oppoſite points called be 
Moon's Nodes, as has been already taken notice of, $255. When 
theſe points are in a right line with the center of the Sun at New gef the 
or Full Moon, the Sun, Moon, and Earth, are all in a right line; ; 
and if the Moon be then New, her ſhadow falls upon the Earth; if 
Full the Earth's ſhadow falls upon her. When the Line of the 
Nodes (that is, a right line ſuppoſed to be drawn through them both, Limits of 
and continued to the Heavens) is more than 18 degrees from the Sun Lelipſes. 
upon either fide of him at New Moon, the Moon is either too high 
or too low in her Orbit to caſt any part of her ſhadow upon the 
Earth at that time. And, when the line of the Nodes is more than 

12 degrees on either ſide from the Sun at the time of Full Moon, 
the Moon is either too high or too low in her Orbit to go through 
any part of the Earth's ſhadow: and in both theſe caſes there will 
be no Eclipſe. But when the Moon is leſs than 18 degrees from 
either Node at her conjunction, her ſhadow or Penumbra falls 
more or leſs upon the Earth, as the is more or leſs within this limit. 


And when ſhe is leſs than 12 degrees from either node at her 7 
on 


| 
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PLATE X. ſition, ſhe goes through a greater or leſs portion of the Earth's ſha- 


Fig. I. 


Fig 1, 


dow, as ſhe is more or leſs within this limit. Her Orbit contains 360 
degrees; of which 18, the limit of ſolar Eclipſes on either fide of the 
Nodes, and 12, the limit of lunar Eclipſes, are but ſmall portions : 
and as the line of the Nodes paſſes by the Sun but twice in a year for 
the moſt part, it is no wonder that we have ſo many New and Full 
Moons without Eclipſes. 

To illuſtrate this, let ABCD be the Ecliptic, RSTU a Circle lying 

in the ſame Plane with the Ecliptic, and M the Moon's Orbit, 
all thrown into an oblique view, which gives them an elliptical ſhape 
to the eye. One half of the Moon's Orbit, as VFX is always be- 
low the Ecliptic, and the other half XY above it. The points / 
and X, where the Moon's Orbit interſects the Circle RSTU, which 
lies even with the Ecliptic, are the Moon's Nodes; and the line XE 
drawn from one to the other, through the Earth's center, is the Line 
of the Nodes, which is carried almoſt parallel to itſelf round the Sun 
in a year, 
If the Moon moved round the Earth in the Orbit RSTU, which 
is coincident with the Plane of the Ecliptic, her ſhadow would fall 
upon the Earth every time ſhe is in conjunction with the Sun, and at 
every oppoſition ſhe would go through the Earth's ſhadow. Were 
this the caſe, the Sun would be eclipſed at every Cn; and the 
Moon at every Full, as already mentioned. 

But although the Moon's ſhadow M muſt fall upon the Earth at a, 
when the Earth is at E, and the Moon in conjunction at i, becauſe 
ſhe is then very near one of her Nodes; and at her oppoſition ꝝ ſhe 
muſt go through the Earth's ſhadow 7, becauſe ſhe is then near the 
other Node; yet, in the time that ſhe goes round the Earth to her 
next Change, according to the order of the letters &, the Earth 
advances from E to e, according to the order of the letters EFGH, 


and the line of the Nodes VEF being carried nearly parallel to itſelf, 


brings the point F of the Moon's Orbit in conjunction with the Sun 
at that next Change; and then the Moon being at / is too high above 


the Ecliptic to caſt her ſhadow on the Earth: and as the Earth is ſtill 


moving forward, the Moon at her next oppoſition will be at g, tco 
far below the Ecliptic to go through any part of the Earth's ſhadow ; 
for by that time the point g will be behind the Earth as ſeen from the 
Sun. 

When the Earth comes to F, the Moon in conjlndtion with the 
Sun E is not at &, in a Plane coincident with the Ecliptic, but above 


it at Yin the higheſt part of her Orbit; and then the point & of her 
LF ſhadow 


ſcending Node, becauſe the Moon deſcends from it below the Ecliptic. 


between the conjunctions of the Sun and Nodes. But the Nodes 
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ſhadow O goes far above the Earth (as in Fig. II. which is an edge PLATE X. 
view of Fig. I.) The Moon at her next oppoſition is not at o (Fig. 7) Fig. 1&1]. 
but at V, where the Earth's ſhadow goes far above her, (as in Fig. II.) 
In both theſe caſes the line. of the Nodes VF (Fig. I.) is about go 
degrees from the Sun, and both Luminaries as far as poſſible from 
the limits of Eclipſes. | 

When the Earth has gone half round the Ecliptic from E to G, the 
line of the Nodes / G X is nearly, if not quite, directed towards the 
Sun at Z; and then the New Moon / caſts her ſhadow P on the Earth 
G; and at the Full, in p, ſhe goes through the Earth's ſhadow L; 
which again brings on Eclipſes, as when the Earth was at Z. 

When the Earth comes to H, the New Moon does not fall at , 
in a plane coincident with the Ecliptic CD; but at in her Orbit 
below it: and then her ſhadow- 2, (ſee Fig. II.) goes far below the 
Earth. At the next Full ſhe is not at 9 (Fig. I.) but at Yin her 
Orbit, 5+ degrees above , and at her greateſt height above the 
Ecliptic CD; being then as far as poſſible at any oppoſition from 


the Earth's ſhadow M (as in Fig. II.) 


So; when the Earth is at E and G, the Moon is about her Nodes 
at New and Full; and in her greateſt North and South Declination 
from the Ecliptic at her Quarters : but when the Earth is at F or H, 
the Moon is in her greateſt North and South Dechnation (or Latitude, 
as it is generally called) from the Ecliptic at New and Full, and in 


the Nodes about her Quarters. 

312. The point X, where the Moon's Orbit crofles the Ecliptic, The Moon's 
is called the Aſcending Node, becauſe the Moon aſcends from it above — ” 
the Ecliptic : and the oppoſite point or interſection is called the De- Node. 
When the Moon is at Y' in the higheſt point of her Orbit, ſhe is in Fiq ae 
her greateſt North Latitude; and when ſhe is at V, in the loweſt point rude. 
of her Orbit, ſhe is in her greateſt South Latitude. | 

13. If the line of the Nodes, like the Earth's Axis, was car- The Nodes 
ried parallel to itſelf, round the Sun, there would be juſt half a year . 


ſhift backward, or contrary to the Earth's annual motion, 1957 de- 


grees every year; and therefore the fame Node returns to the Sun 


19 days ſooner every year than on the year before. Conſequently Fig. l. 
from the time that the aſcending Node X (when the Earth is at E) 
paſſes by the Sun as ſeen from the Earth, it is only 173 days (not 


Half a year) after, till the deſcending Node / paſſes by him. There- 


fore, in whatever time of the year we haveEclipſes of the Luminaries 
| about 


\ 
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Which brings about either Node, we may be ſure that in 173 days afterward, we 

En I cn. {Þall have Eclipſes about the other. And when at any time of the 

er every year year the line of the Nodes is in the ſituation VG AX, at the ſame time 

_ than they next year it will be in the ſituation 7Gs ; the aſcending Node having 

the Nodes. Tetrograded in that time from & to s, and the deſcending Node from 

had not ſuch to 7; each 19* degrees contrary to the order of Signs. At this 

a motion rate the Nodes ſhift backward through all the Signs and degrees of 

the Ecliptic in 18 years and 225 days; in which time there would 

always be a regular period of Eclipſes, if any number of the Moon's 

Changes were compleated. But this is by no means the caſe ; for 

if the Sun and Moon ſhould ſtart from a conjunction with either of 

the Nodes, in any point of the Ectiptic, whilſt the ſame Node is go- 

ing round to that point again, the Earth performs 18 annual revolutions 

about the Sun, and 222 Degrees (or 7 Signs 12 Degrees) over ; and 

the Moon 230 Lunations or Courſes from Change to Change, and 

85 Degrees (or 2 Signs 25 Degrees) over ; ſo that the Sun will be 

138 Degrees from the ſame Node when it comes round; and the 

Moon 85 Degrees from the Sun. Hence the period of Eclipſes, and 
revolution of the Nodes are compleated in different times. 

A period of 314. In 18 years 10 days 7 hours 43 minutes after the Sun, 

Eclipſes. Moon, and Nodes, have been in a line of conjunction, they come 

very near to a conjunction again: only if the conjunction from which 

you reckon, falls in a leap- year, the return of the conjunction will be 

one day later. Therefore, if to the * mean time of any Eclipſe of 

the Sun or Moon, in a leap-year, you add 18 years 11 days 7 hours 

43 minutes; or in a common year a day leſs, you will have the 

The defects mean time of that Eclipſe returned again; though not always viſible, 

of it. becauſe the 7 hours 43 minutes may ſhift a ſolar Eclipſe into the 

night, and a lunar Eclipſe into the day. In this period there are 

juſt 223 Lunations, and the Sun is again within half a degree of the 

ſame Node, but ſhort of it. Hence, although this period will ſerve 

tolerably well for ſome ages to examine Eclipſes by ; it cannot hold 

long, becauſe half a degree from the Node ſets the Moon 2+ minutes 

of a degree from the Ecliptic. And as the Moon's mean diſtance 

from the Earth is equal to 60 Semidiameters of the Earth, every 

minute of a degree at that diſtance is equal to 60 geographical miles, 

or one degree on the Earth; conſequently 24 minutes of declination 

from the Ecliptic in the Moon's Orbit, is equal to 150 ſuch miles, 


Which is the time that the Ecliptic would be at the greateſt obſcuration, if the 
motions of the Sun and Moon were equable, or the ſame in all parts of their Orbits. 


or 
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or 24 degrees on the Earth. And therefore, if the Moon be paſſing 
by her aſcending Node at the end of this period, her ſhadow will go 
150 miles more ſouthward on the Earth than it did at the beginning 
thereof. If the Moon be paſſing by her deſcending Node, her ſha- 
dow will go 150 miles more northward: and in either caſe, in 500 
years the ſhadow will have too great a Latitude to touch the Earth. 
So that any Eclipſe of the Sun, which begins (for example) to touch 
the Earth at the ſouth Pole (and that muſt be when the Moon is 18 de- 
grees paſt her deſcending Node) will advance gradually northward in 
every return for about a thouſand years, and then go off at the north 
Pole; and cannot take ſuch another courſe again in leſs than 12 thou- 
ſand years. 

This falling back of the Sun and Moon in every period, with re- 
ſpect to the Nodes, will occaſion thoſe Eclipſes which happen about 
the aſcending Node, to go more ſoutherly in each return ; and thoſe 
which happen about the deſcending Node to go more northerly : 
for the rather the Moon is ſhort of the aſcending Node, within * 6 
limits of Eclipſes, the farther ſhe is fouth of the Ecliptic ; and on 
the contrary, the more ſhe is ſhort of the deſcending Node; the far- 
ther ſhe is northward of the Ecliptic. | 
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315. To illuſtrate this a little farther, we ſhall examine ſome of From Mr. 


the moſt remarkable circumſtances of the returns of the Eclipſe' which Any 


on Eclipſes, 
printed at 
London, by E. - 
Cave, in the 


happens July 14, 1748, about noon : This Eclipſe, after traverſing 
the voids of ſpace from the Creation, at laſt began to enter the Terra 
Auſtralis Incognita, about 88 years after the Conqueſt, which was the 


laſt of King STEPHEN's reign ; every * Chaldean period it bas crept year 1748. 


more northerly, but was ſtill inviſible in Britain before the year 1622; 
when on the 3oth of April it began to touch the ſouth parts of Eng- 
land about 2 in the afternoon ; its central appearance riſing in the 
American South Seas, and traverſing Peru and the Amazon's country, 
through the Atlantic ocean into Africa, and ſetting in the Aithiopran 
continent, not far from the beginning of the Red Sea. | 

Its next viſible period was after three Cha/dean revolutions in 1676, 
on the firſt of June, riſing central in the Allantic ocean, paſſing us 
about 9 in the morning, with four + Digits eclipſed on the under 
limb; this ſet in the gulf of Cochimchina in the Eaſt Indres. | 

It being now near the Solſtice, this Eclipſe was viſible the very 
next return in 1694, in the evening ; and in two periods more, 


* The above period of 18 years 11 days 7 hours 43 minutes, which was found out by 
the Chaldeans, and by them called Saros. _ | | 
+ A Digit is a twelfth part of the diameter of the Sun or Moon. 


Y: 23 which 
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which was in 1730, on the 4th of July, was ſeen above half eclipfed 


Juſt after Sun-riſe, and obſerved both at Mirtemberg in Germany, and 


Pekin in China, ſoon after which it went off. | | 

Eighteen years more afforded us the Eclipſe now to happen on the 
14th of July, with the Phenomena already deſcribed “. 

The next viſible return will happen in 17066, in the evening; about 
four Digits eclipſed, July 25th ; and after two periods more, on 
Auguſt 16th, 1802, early in the morning, about five Digits, the center 
coming from the north frozen continent, by the capes of Norway, 
2 Tartary, China, and Japan, to the Ladrone iſlands, where it 

ocs off. 
K Again, in 1820, Auguſt 26th, betwixt one and two, there will be 
another great Eclipſe at London, about 10 Digits; but happening ſo 
near the Equinox, the center will leave every part of Britain to the 
Weſt, and enter Germany at Emden, paſſing by Venice, Naples, Grand 
Cairo, and ſet in the gulf of Baſſora near that city. 

It will be no more viſible till 1874, when five Digits will be ob- 
ſcured, the center being now about to leave the Earth on September 
28th. In 1892 the Sun will go down eclipſed at London, and again 
in 1928 the paſſage of the center will be in the expanſum, though 
there will be two Digits eclipſed at London, October the 3 iſt of that 
year ; and about the year 2090 the whole Penumbra will be wore 
off ; whence no more returns of this Eclipſe can happen till after a 
revolution of 10 thouſand years. 

From theſe remarks on the intire revolution of this Eclipſe, we 
may gather, that a thouſand years, more or leſs (for there are ſome 


irregularities that may protract or lengthen this period 100 years) 


compleat the whole terreſtrial Phenomena. of any ſingle Eclipſe : and 
ſince 20 periods of 54 years each, and about 33 days, comprehend 
the entire extent of their revolution, 'tis evident that the times of the 
returns will paſs through a circuit of one year and ten months, every 
Chaldean period being ten or eleven days later, and of the equable 
appearances. about 32 or 33 days. Thus, though this Eclipſe hap- 
pens about the middle of July, no other ſubſequent terreſtrial Eclipſe 
of this period will return to the middle of the ſame month again; 
but wear conſtantly each period 10 or 11 days forward, and at laſt 


appear in Winter, but then it begins to ceaſe from affecting us. 


Another concluſion from this revolution may be drawn, that there 
will ſeldom be any more than two great Eclipſes of the Sun in the 


* Which Mr. SMITH has done largely in the Diſſertation from which this is taken. 
I interval 


Ir 
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interval of this period; and theſe follow ſometimes next return, and 
often at greater diſtances. That of 1715 returned again in 1733 
very great; but this preſent Eclipſe will not be great till the arrival 
of 1820, which is a revolution of four Chaldean periods: ſo that the 
irregularities of their Circles muſt undergo new computations to aſſign 
them exactly. r eu nikeolti aro 
Nor do all Eclipſes come in at the ſouth; Pole: that depends alto- 
gether on the poſition. of the lunar Nodes, which will bring in as 
many from the expanſum one way as the other; and ſuch Eclipſes 
will wear more ſoutherly by degrees, contrary to what happens in the 
reſent caſe. 5 i) * | dal r= id 
The Eclipſe, for example, of 1736, in September, had its center 
in the expanſum, and ſet about the middle of its obſcurity in Britain; 
it will wear in at the north Pole, and in the year 2600, or there- 
abouts, go off into the expanſum on the ſouth ſide of the Earth. 


The Eclipſes therefore which happened about the Creation are, little 


more than half way yet of their etherial circuit; and will be 4000 
years before they any more enter the Earth; This grand revolution 


ſeems to have been entirely unknown to the antients. 


3 16. It is particularly to be noted, that Eclipſes which have hap- Why our pre-- 
ſent Tables 


. . . b 
to quadrate exactly with antient obſervations, by reaſon of the great antient 


Anomalies in the lunar motions; which appears an inconteſtable de- obſervations. 


pened many centuries ago, will not be found by our preſent Tables 


monſtration of the non-eternity of the Univerſe. For it ſeems con- 
firmed by undeniable proofs, that the Moon now finiſhes her period 


in leſs time than formerly, and will continue by the centripetal law 


to accelerate in velocity as ſhe approaches the Earth; nor will the 
centrifugal power be ſufficient to compenſate the different gravitations 
of ſuch an aſſemblage of bodies as conſtitute the ſolar ſyſtem, which 
would come to ruin offitſelf, without ſome new regulation and ad- 
juſtment of their original motions. 


317. Thus we are credibly informed from the teſtimony of the Tuarss's. 


antients, that there was a total Eclipſe of the Sun predicted by 
TuALEs to happen in the fourth year of the 48th * Olymprad, either 


at 


* 1. Each Olympiad began at the time of Full Moon next after the Summer Sol- 
ſtice, and laſted four years, which were of unequal lengths, becauſe the time of Full 
Moon differs 11 days every year ; fo that they might ſometimes begin on the next day 
after the Solſtice; and at other times not till four weeks after it. The firſt 1 
began in the year of the Julian Period 3938, which was 776 years before the firſt 
year of CHRISH, or 775 before the year of his birth; and the laſt Olympiad, which 


was the 293d, began A. D. 393. At the expiration of each Olympiad, the py an 
| Games; 


Eclipſe. 


| 
| 
| 
| 
it 
| 
i 
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at Sardis ot Milerus in Aa, where Tryatrs then refided. That 


year correfporids to the 585th year before CHRIST; when accord- 
ingly there happened a very fignal Eclipſe of the Sun, on the 29th of 
My, anſwering to the preſent 1oth of that month *, central through 
Nerth America, the ſouth parts of France, Italy, &c. as far as Athens, 
or the Iſles in the ÆAgean Sea; which is the fartheſt that even the 
Caroline Tables carry it; and conſequently make it inviſible to any 
part of Aa, in the total character; though I have good reaſons to 
believe that it extended to Babylon, and went down central over that 


Games were celebrated in the Elan fields, near the river Alpheus, in the Peloponneſus 
(now Morea) in honour of JurirTER OLYMPUs. See STRAUCHIUS's Breviarium 
Chronologium, pag. 247—25T. 

T0, The reader may probably find it difficult to underſtand why Mr. SMiTH ſhould 
reckon this Eclipſe to have been in the 4th year of the 48th Olympiad; as it was only 
in the end of the third year: and alſo why the 29th of May, in the 585th year befcr= 


_ CnnisT ſhould anſwer to the preſent 2oth of that month. But we hope the follow- 


ing explanation will remove theſe difficulties. 47 | 

Thee month of May (When the Sun was eclipſed) in the 585th year before the firſt 

ar of CarisT, which was a leap-year, fell in the latter end of the third year of the 
48th Olympiad ; and the fourth year of that Olympiad began at the Summer Solſtice 
following: but perhaps Mr. SM1TH begins the years of the Olympiad from January, 
in order to make them correſpond more readily with Julian years; and ſo reckons 
the month of May, when the Eclipſe happened, to be in the fourth year of that 
Olympiad. | | | 

The Place or Longitude of the Sun at that time was 8 299 31” 17”, to which ſame 
place the Sun returned (after 2300 years, viz.) A. D. 1716, on May, 9“. 5. En. after 
noon: So that, with reſpe& to the Sun's place, the gth of May 1716, anſwers to the 
28th of May in the 585th year before the year of CHRIST I; that is, the Sun had the 
ſame Longitude on both thoſe days. 

3. But, another difficulty may be, hat of the Sun's having the ſame Longitude on 
the 28th of May, jn the 58zth year before CHRIS, and on the gth of May, in the 
year 1716 aſter Enter. To remove which, obſerve, that a Sidereal year, or time of 
the Sun's revolution from a fixt Star to the ſame Star again, is about 9' 145” longer 
than 2 year of 365 days 6 hours; and a Julian year is about 11“ 3 longer 
than a Tropical year; or the time of the Sun's revolving from any given degree of Lon- 

itude to the ſame again. Let the Sun be in the 3oth degree, that is, at the end of 

aurus, and in conjunction with a fixt Star at 8, on May 28th; then making 2300 
revolutions (equal to the number of years from 585 before CHRIST to A. D. 1716) 
through A, at the end of ſo many ſidereal years he will be found again at &. But 
at the end of ſo many Julian years, ending on May 28th, he will be found at AV, 
ſhort of 8; and at the end of ſo many tropical years, he will be in the 3oth degree 
of Taurus at T (which has receded back from & to 7 by the preceſſion of the Equi- 
nox) ſhort of AH. The Arc S will be equal to the amount of the preceſſion of the 
Equinox in 2300 years, at the rate of 50” of a degree annually: and the Arc MT 
would be equal to the ſpace moved through by the dun in 2300 times 11' 3“ (viz. 
174 15* 35) if the Sun's motion were equable and uniform, but the Sun's motion 
being unequal, the difference of the Equations correſponding to the different mean Ano- 


malies $ 234, in the 585th year before, and the 1716th year after CHRIST, will re- 


quire an addition of about 1% 6* more for the Sun to arrive at M. 
1 | | City. 
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city. We are not however to imagine, that it Was ſet before. it paſt 
Sardis and the Afiatic towns, where the predictor lived .becauſe an 
inviſible Eclipſe could have been of no ſervice / to. demonſtrate his 
apility in aſtronomical Sciences to his countrymen, as it could give no 
proof of its reality. 8 


318. For a farther illuſtration, THUCYDIDES the hiſtorian relates, T»vcro:- 


that a ſolar Eclipſe happened on a Summer's day in. the afternoon, 
in the firſt year of the Peloponneſian war, ſo great that the Stars ap- 
peared. Ruhoprus was victor. in the Olymp:c. games the fourth; year 
of the faid war, being alſo the fourth of the 87th Olympiad, on the 
428th year before CHRIST. So that the Eclipſe muſt have happened in 
the 43 1ſt year before Cur1sT; and by computation it appears, that on 
the 3d of Augu/t there was a ſignal Eclipſe which would have paſt 
over Athens, central about 6 in the evening, but which our preſent 
Tables bring no farther than the antient Syrtes on the African coaſt, 
above 400 miles from Athens; which ſuffering in that caſe but g Di- 
gits, could by no means exhibit the remarkable darkneſs recited. by 
this hiſtorian ; the center therefore ſeems to have paſt Athens about 
6 in the evening, and probably might go down about Feru/alem, or 
near it, contrary to the conſtruction of the preſent Tables. I have 
only obviated theſe things by way of caution to the preſent Aſtrono- 
mers, in re-computing antient Eclipſes ; and refer them to examine 
the Eclipſe of Nicias, fo fatal to the Atheman fleet * ; that which 
overthrew the Macedonian Army Þ+, &c.” So far Mr, SMITH +. 
| | x 


* Before CHRIST 413, Augu/? 27th. = 

+ Before CHRIST 168, June 20th, =. 4 

t 4. It is no ways probable that the Eclipſe mentioned by Mr, K $ 377, was 
the one which put an end to the war between the Medes and LyaMns, by overſpread- 
ing both armies with a horrible darkneſs in the midſt of an engagement, or, according 
to HERoDOTUs, turning day into night, which frightened them ſo that they put up 
their ſwords, and made a laſting peace, For this Eclipſe was no where total in Af 
Minor, even if we ſhould allow two hours for the Moon's acceleration; and near the 
river Halys, where, *tis probable, the battle was fought, being in the boundaries.of the 
two kingdoms, the Eclipſe was little more than ꝙ Digits; and therefore, inſtead of turn- 
ing day into night for a few minutes, it could not cauſe any ſenſible diminution of the 
Sun's light, $87. Neither was this Eclipſe on the 29th of May, in the 585th year 
before CHRIST, as mentioned by Mr. SMITH ; but on the 28th; and, according to 
the following Tables, at 4 hours 10 minutes p. m. at London; the place of the Lumi- 
naries being then 8 29310; and the Moon's Latitude 20” north aſcending. To theſe 
Elements, allowing two hours for the Moon's acceleration, which, in all likelihood, 
was enough, I rectified the Eclipſareon, (deſcribed in & 410) which is liable to no error 
in ſhewing what parts of the Earth the Moon's ſhadow paſſes over, as far as the Lati- 
tudes and Longitudes have been aſcertained ; and how many Digits the Sun is eclipſed 
to all places on which the Penumbra falls. By this machine, the center of the dark 
ſhadow touched the Globe in the Great South Sea, a little to the welt of St. Miguel in 


New Spain; and in its way it paſſed over the eaſt end of Cuba, north of the Azores, 
1 0 over 


Des's Eclipſe. 


* 
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The number 
of Eclipſes. 


o/ Eclipfes. 
319. In any year, the number of Eclipſes of both Lumina- 
ries cannot be leſs than two, nor more than ſeven; the moſt uſual 
number is four, and it is very rare to have more than fix. For the 
two Nodes paſs by the Sun but once a year, unleſs one of them 
paſſes by him in the beginning of the year; and if it does, it will paſs 
by him again a little before the year be finiſhed; becauſe, as theſe 
points move 19 degrees backward every year, each will come to the 
Sun 173 days after the other, $ 313. And when either Node is 
within 18 degrees of the Sun, at the time of New Moon, the Sun 
will be eclipſed. At the ſubſequent oppoſition the Moon will be 
eclipſed in the other Node; and come round to the next conjunction 
again ere the former Node be 18 degrees paſt the Sun, and will there- 


fore eclipſe him again. - When three Eclipſes fall about either Node 
the like number generally falls about the oppoſite ; as it comes to the 
Sun in 173 days afterward : and fix Lunations contain but four days 


more. Thus, there may be two Eclipſes of the Sun, and one of the 


Moon, about each of her Nodes. But when the Moon changes in 


either of the Nodes, at the next oppoſition ſhe cannot be near enough 
the other Node to be eclipſed; and in fix lunar months afterward 
ſhe will change near the other Node : in theſe caſes there can be but 
two Echpſes in a year, and they are both of the Sun. 


Two periods 320. A longer, and conſequently a better period than the above- 


of Eclipſes. 


mentioned, {F 314, for comparing and examining Eclipſes which 
happen at long intervals of time, is 57 Julian years 324 days 21 
hours 40 minutes; in which time there are juſt 716 mean Luna- 
tions, and the Sun is again within 5 minutes of the ſame Node as 


before. But a ſtill better period is 557 years 21 days 18 hours 30 


over the north of Spain, over Sardinia and Sicily, cloſe by the ſouth ſide of Crete, and 
left the Mediterranean a little weſtward of the mouth of the Nil-; then went over 
Grand Cairo, the north end of the Red Sea, and left the Earth at Medina in Ar abia 
Petrea, So that even making a ſufficient allowance for the Moon's acceleration, 'tis 
evident that this cannot be the Eclipſe which put an end to the foreſaid war. Andif 
we take it according to the Tables, without making any ſuch allowance, the center of 
the ſhadow paſſed ſtill farther to the ſouthward, as it was going to leave the Earth, 
and went off at Egypt; and though the Eclipſe was viſible at Halys river, it was not 
above 7 Digits. | | | 
But, in the year 603 before CHRIST, on the 18th of May, there was as great an 
Eclipſe of the Sun as ever could happen in a natural way, which paſſed directly over 
that part of ia Minor where the above famous battle is ſuppoſed to have been fought, 
namely, on the banks of the river Halys : and therefore this muſt have been the 
Eclipſe mentioned by HERO DO us, and fell 18 years ſooner than that which is called 
THALEs's Eclipſe, The true time of conjunction at London was, May the 18th, at 
8 hours 30 minutes in the forenoon. The place of the Luminaries 8 19% 14”, and 
the Moon's Latitude 24 10” north aſcending. 
* minutes 


e 
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and the Sun and Node meet again fo nearly, as 


diſtant, according to Doctor HALLE V'Ss Tables. 


TR 221. We ſhall here ſubjoin | a catalogue of Eclipſes recorded in 


Hiſtory, from 72 1 years before CHRTST to A. D. 1485; of computed 
Eclipſes from 1485 to 1700; and of all the Eolipſes viſible in Europe 
from 1700 to 1800; the whole according to. the Gregorian or New 


to be but 11 ſeconds . 


Style. From the beginning of the catalogue to A. D. 4835 the An account of 


Eclipſes are taken from STRUYK's Vnroduction to univerſal Geogra- 
ply, as that indefatigable author has, with much labour, collected 
them from Prolo Mv, Tuucypipzs, PrurAxcH, CaAvrsfus, 
XRNOPH¹ON, Dropokvs SICULUs, JUSTIN, PoLyBivs, Trrus LI- 
vius; CIcERO,  Lucanus, THEOPHANES, © Dron. Cassrus, and 
many others. From 1485 to 1700 the Eclipſes are taken from Ric- 
crorus's Almageſt: and from 1700'to 1800 from L'art de werifier 
les Dates. Thoſe from STRUYK have all the places mentioned where 
they were obſerved : Thoſe from the French authors, is. the reli- 
gious Benedictines of the Congregation of St. Maur, are fitted to the 
the meridian of Paris; And congerning thoſe from RiccioLvs, that 


. 
— by * 2 = 4 


author gives the following account. 


: 
. 


e Becauſe it is of great uſe for fixing the Cycles or Revolutions 


of Eclipſes, to have at hand, without the trouble of calculation, a 
liſt of ſucceſſive Eclipſes for many years, computed by authors of 
Epbemeri des, although from Tables not perfect in all reſpects, I ſhall 
for the benefit of Aſtronomers give a ſummary collection of ſuch, 
The authors I extract from are, an anonymous one who publiſhed 
Ephemertides from 1484 to 1506 incluſive; Jacopus PTLAUMEN 
and Jo. STAFLERINUS, to the meridian of Un, from 1 5% to 1534: 
Lucas Gavkicus, to the Latitude of 45 degrees, from 1534 to 
155i : PETER APPIAN, to the meridian of ee. from 1538 to 
1578 : Jo. STEFLERUsS, to the meridian of Tubing, from 1543 to 
1554: PRTRUSs PITATVUs, to the meridian of Venice, from 1544 to 
1556: GrokGivs-Joacuimus RugTicus, for the year 1551: 
NicmoLAus SiMus, to the meridian of Bologna, from 1552 to 
1568: Micnartr MæsrIIN, to the meridian of Tubing, from 1557 
to 1590: Jo. STAD1IUs, to the meridian of Antwerp, from 1554 to 
1574: Jo. ANToninus MAGINus, to the meridian of Venice, from 
158 1 to 1630: DAvIDY ORIGAN, to the meridian of Franckfort on 
the Oder, from 1595 to 1664: ANDREW ARGOoL, to the meridian 


of Rome, from 1630 to 1700: FRanciscus MoNTEBRUNUS, to the 


meridian of Bologna, from 1461 to 1660 : Among which, STAD1vs, 
| 2 Msrrix, 


Eelip 


the following 
_—_ of 
Es. 
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Msrix, and Macixus, uſed to Prulenic Tables; Okic ax the 
Prutenic and Tychozic ; Mod rESRVUNus the Lansbergian, as likewiſe 
thoſe of Dung. Almoſt all the reſt the Alponfne x. 
But, that the places may readily be known for which theſe Eclipſes 
were computed, and from what Tables, conſult the following liſt, in 
which the years ing/4/ove are allo ſet down. | 


From 1485 to 1596 The place and author unknown. 
| Ulm in Suabia, from the Alphon/fine. 


1507 155 

1554 1 57 Antwerp, from the Prutenic. 
1577 1585 Tubing, from the Prutenic. 
15866 1594 Venice, from the Prutenic, 


1595 160 Fronchfert on Oder, from the Prutenic. 
1601 1640 Franchfort on Oder, from the Tyclonic. 
1641 1660 Balggna, from the Lansbergian. 

1661 1799 Rome, from the Habonic. 


do far Riccrorus. 


N. B. The Eclipſes marked with an Aſteriſk are not zu Ricci- 
eLys's catalogue z but are ſupplied from Tart de verißer les Dates. 


From, the beginning of the catalogue to. 4. D. 1700, the time is 
reckoned fram the noon of the day mentioned to the noon of the 
following day: but from 1700 to 1800 the time is ſet down according 
to our common way of reckoning. Thoſe marked Pekin and Canton 

are Eclipſes from the Chineſe chronology ; and throughout the Table 
this mark & ſignifies Sar, and. this N 6 
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; bet, Eclipſes of the Sun Middle Digiw Aft 
4 oa Moon ſeen 1. 4 D: . MieclipſedÞ alin 
: N 721 Babylon 444 Total 'F bn rojrt 43 | 
4 720 Babylon 50 5 * 5 Rome 1 4 45 | | 
g f. 720|Babylon  14fanonia 5 Total N 
7 ; 621]Babylon 72 | — Canton 58 Tdtal | 
4 5 230 Babylon 25 30 Canton 20 30 
3 Foz Babylon 52] 40 Pekin 50 7 341 | 
L | 491]Babylon 4701 45 Rome 1 29 
I : 437|Athens 01 py — 25/2 10 
: | 425|Athens . 45 Total Rome 520 Total - 
5 4240 Athens 5 9 of 2 Nelli 16010 8 
413|Athens , Total I 53|Canton 4211 6 
f 4000 Athens . 50 Total | 55 Pekin 500 6 40 | 
5 404|Athens Sept. 8 40 56jCanton 289 20 ö 
; 403|Pekin Aug. 40 59jRome 810. 38| 
| 394|Gnide Aug. o 6o[Canton 31,10 30 
J 383|Athens Dec. 1 Ss Canton 5010 23 
I 382|Athens on 15 69 Rome 4370 49 | 
b 382|Athens Dec. 21 Total vo Canton 13 8 26] 
4 364|Thebes |ſaly 10} 7iRo ne 3 6 © 
2 357 Syracuſe £31|Feb. 3 3310] gs|Epheſus | — 0 - 
J 357|Zant  [@[Aug. 29] 4 27 125] Alexandris pri 161 44] 
3 zu ant sept. 15 oi Alexandria 44) Totat- | 
1 3310Arbela Sept. Total 13 Alexandria 510 19 
4 310ſSicily: Iſland: aug. 10 22 136Alexandria 56, £ 17 
: 219}]Myſia S ulr. 19 5] Total” 237 Bologna | otal 
4 218 sept. riſing Total 258 Rome 1 20/8 43 
4 247 & be, 579 6 Carthage 3 2011 20 
I 203 ©5|May 2 52/15 40 ag Rome 360 Total 
I | 202 SO. o 316|Conftantihople 19 5302 15 
3 | 201 o sept. 1 5811 33 Toledo 17]at noon Central 
U | 200|Athens Mr. Total |} 348 Conſtantinople 
4 ' 200|Athens sept. 4 48f Total 360flpaban 
3 198 Rome Aug. 6; —— II 364]Alexandria' 
I 190 Rome Mir. o 4o01[Rome 
4 ] 188jRotne lay 16{40 380 48 401[Rome 
1 Apr. 300% 3317 1 |] 4o2jRome ſ 
4 June 8 2 Totak || 40 Rome | fl 
A as. 26 44% Compoſtello | 
4 £3|july 52 45 i[Compoſtello il 
9 . [@|O&. 6 22 Total || 451]Compoſtello [ 
14 Mir. 160 ſetting Central] 438|Chaves li 
f Miy 9 3 41 Total 452 Compoſtello i 
. S Ku. 7| 2 12 » 464Chaves 0 
f G|Jah. 18010 Total I 484|Conſtantmople q 
| Si{Nov. 64 [Total || 486]Conſtantinvple I 
8 MAV 19] 3 52] 6 47 40% Conſtantinople j 
- aug. 20| ſetting Gr. Eel; [| 5 12 Conſtantinople Il 
aa. 64 6 53 —— ji 
4 une 18]23 48 Total | 540F/-ohdon i 
4 Soc. 2304 18 557] Fours il 
4 G|&pril 74 off 581 Haris | 
2 Nov. 1 5 81 582 Paris” 
| &5/Feb. 1120 42 E Paris 
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Ohr 


592 Conſtantinople 


603 Paris 


693 [ Conſtantinople 
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1010 
1016 
1017 
1020 
1023 
1030 
1031 
1033 
1034 
1037 
1039 
1042 
1044 
1044 
E 
1063 
1074 
1080 
1082 
O86 
1089 
1093 
togt. 
1096 
098 
1099 
1103 
1106 
105 
1109 
1110 
1113 
1114 
1117 
1117 


17 
9 42 
Total- 
Total 


14 


Eclipſes of the Su 
ind Moon ſeen a4 


E 
* — 


e 


L 


891[Conftantinople 


* * 
*: . 


23 
30 


3 


ArraQta 1 

London 

:904|Lond 

912 London 

920 Paris 

934|Paris 

939 Paris 

955;|Paris 

961]Rhemes _ 

970|Conſtantinople 

: 976|London 

985|Meflina  -: | 

g98g|Conttantinople .- 

gc Fulda 

990|Fulda 

9900 Conſtantinople 

995;|Augſhurgh !: - 
Ferrara 

Meſſina 

Nimeguen 

Nimeguen 

Cologne 

London 

Rome 

Paris 

Paris 

Milan 

Paris 

Auxerre 

Rome 

Auxerre 

Cluny - 

Nuremburg 

Rome 

Augſburgh 

Conſtantinople 

London 

Conſtantinople 

Naples 

Augſburgh 

Gemblours 

Augſburgh 

Augſburgh 

Naples 

Rome 

Erfurd 

Naples 

Erfurd 

London 


et 


Penn * 


* 3 I JP 


Trier 
Trier 


r ————— 


YT” ' :, . , 
1 * * i! v i N 
= LEA. 8 


SrRurks Catalogue of EOCEIPSE S. 


— — 


Aft. Eelipſes of the Sun Nn Aft. 4 Echpſesof the Sur | Middle] Digits | 
Chr. [and Moon ſeen at| M. & D. H. M ſeclipſed C hr and Moon ſeen oh lu. 4 DJ. M. eclipſe 
j1113}Naples Nov. 29|15 46þ 4 = 1216] Acre | 

11210Trier _ . 1OſSept. 2716 47þ Total zie Damietta 

1122|Prague {@|Mar. 24% 1 200 3 49|[1222ÞRome 

11240/Erfurd ſoſbeb. i 6 43] 8 39 [2a z[Colmar ; 

1124\London Aug. 10023 29 9 58[|1228|Naples 4 

1132|Erfurd March :| 8 14] Total [|j123c}Naples f 

1133/Prague Feb. 2cj16 41] 3 23||t230|[London 1 
1135 London @jDec. 2250 11] Total |j1232}Rhemes © : 
1142 Rome Feb. 11 13 17] 8 :30[[124;|]Rhemes 4 | 
1143}]Rome _ J@ſ[Feb. 1 36] Votal [j1248]London i +: SH 4 
1147]Auranches Od. 25]22 3] 7 2025 5TLondon * | 
11 149]Bary Mar. 2513 $54] 5, 29]|1255|Conftantinople {3 | 
115 iEimbeck äug. 28012 4] 4 29]|1258|Augſburgh * | 
115 3]Augſburgh [#3}Jan. 26] o 42111 —|[r261]Vienna 199 a 1 
1154 Paris Joe l Jane 26116 1 Total 262 Vienna March 7 5 | 
1154|Paris Dec. 210 8 30] 4  42[[1262]Vienna J Ang. 30/1 4 
1155 Auranches June 16] 8. 45þ © 531263 [Vienna eb. 2: | 
1160]Rome Aug. 18] 7 53} 6 49}|1263|Augſburgh - Aang. 5 f 
1161 Rome lo läug. 7| 8 15] Total 263 Vienna Ie Aug. 

1162 Erfurd \{@[Feb. 16 40 5 56/1 265/Vienna Dec. 

1162|Erfurd l@ſſuly 27/12 3of 4 | 11 ||1267|Conftantinople -'|{|May 24123 

1163]Mont Caſſin. July 37 400 2 ofr1270[Vienna Mar. 22 

1164] Milan une 6010 of Total 272 JI Vienna Aug. 10 | 
1168jLondon - @ſ|Sept. 1814 of Total [|r274|Vienna Johan. 7 
1172 Cologne @[ſan. 11013 31] Total 27 Lauben Dec. 

11760Auranches April 257 28 6276 Vienna Jo Nov. 22[15 
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1178[Auranches Aug. 29113 52] 5 31 lr28 London {e@{Mar. 17]1z 120 Total | 
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11860[Cologne April 5 1 30g{Lucca Aug. 21010 432] Total | 
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1189 England © Feb. 210 —| 9  —}[1312|Wittemburg Aber 19 49 3 23 
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1211]Vienna Nov. 2113 5% Total 1330 Conſtantinople el, 16] 4 5 
1215|Cologne Mar. 16015 35] Total | 133o[Prague h ec. 25015 

1216JAcre K Feb. 1821 1511 36133 1PPrague OINov. 29020 2 
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15330 Aug. 1917 —| * 15600 ** | 
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18 Jane 30 ces 1 159 2 lone 24 | 
133 |@IDec. % |» | m__ ; 
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: Midate Fo 
Middle Digits [Alt. Midc lei Digi | mT 
| | 2 || M. Dt M. | eclipſed | Chr. *. « Dl. M. ſeclipſed D . geit 
| 10 | ico 
| 19810 Aug. 3 Magel.] 8 34 | 1613163 Apr. 20| Magel — Jt 6 
11599'@ Feb. 1c 21] Total [|[1913}@{May 4 o 35 Tota ; W 
10% ler pb — M l. 16730800. 3 South 1 | F 9 1. Total 
Aug. 6 total; 1613 ; : | 
189.8 2 15 Java. i 48 . 280 4 19 Total aeg 1 
| 600{@[Jan. - 30] 6 40, 2. 5811 1014/65 April 8 Nos 8 44 1: uk 3.4 
1600; July . 10] 2 100 5 391614] [Apr. 23 17 3605 25 7 o/Hope 
$1601 Jan. AIEchiop fe 40 614% Od. go 57 5 - Baer: (3 
[1601}@ June 15] 6 180 4 521614] Oct. 17] 4 38] 4 56 * gus und 
16010 ſune 29] China |-4 29 1615] Mar. 20 Goa 10 3 5 n Eng 3 
1601] l[Dec. 9] 7 10 $53]| 1615]t3]Sept. 22 m_ Iſle 1 3: i. 27] 
L601/{f3]Dec. 244 2 469 52116160 March 3 58] Total 21 Ang * 25 
| 160 ⁰οο May 21/Greenl.| 2 41e OMar. 17 1 6 47 14 20 12 9 
| 1602|@| June. 4] 7 18] Total || 1616]@|Aug. 26015 33] Total 25 FI 8 
une 19 N. Gra. 5 43]| 161 ept. 10] Magel.jio 33 7 47 9 1 
1602]{3]Nov. 13 Magel. 3 —||1617]GFeb. 5 Magel — 9 16 
Goal Nov. 280 2 Total || 1617]@ſ[Feb. 20 1 49 Tora 3 N <oFbs 
1603|[{3]May 10] China ſit 21er March 622 — 3000 > rr 
1603]@|May 24/11 41] 7 59]] 161; |t3Aug. i ns Rh Hom + 
1603[t3]Nov. 3 Tm 1 11 17617 Aug. 16] 8 oe Xt 8 
160g Nov. 18 3 2616188 lan. 260 Mage anica — 
1604 Apr. 29 Gabis 9 32|}1015]@|Feb. 93; 29 2 57 955. 
10A Od. 22] Peru | 6 49618 huly * n - 535 
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1605 Oct. 12] 2 329 24 16100 Dec. 2 ts N 17 110 
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; 1606|@[Mar.. 24/11 + 17] Total [| 162c|@ſſune 14/13 47] Total 125 
. 16o6[tzBSept. 2 Magel, 6 - 40 [| 162c|$3}June 290 Magel 7 - : 
1606 Pept. 2 Magel. 6 40 || 162c|@[Dec. of 6 39] ota 2 54 
1: 606l@ISept. 16[15 6 Total iz Dec. 23] Magel|lanica oy 
1607|{@|Feb. . 2521 48] 1 13][1621[&5] May 20014 540 44 Aer 
 {1607}@{Mar., 13] 6 36} 2216210 [lane To. 42] 9. 53 2 — 
607 « Sig 400 4 7 |[|1621;$3]Nov. 13] Mage! rf 5 
ae: $ Fed. 15] at the [Antipo. 4 * by 5 ws. 3 N 7 Ons 
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| 160000 leb. Fuego þ 22 [16230c Apr. 2c 1 „ 
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July zoſ Canada 4 101623 23 ali f | 
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. Middle | Digits [| Aft. |. __ [Middle Digits | Aft. .  _ |Middle| Digits 
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10400 οσ H 20 N. Spa. 1o 30[[ 1654|@[Mar. 219 25 
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;|@[Sept. 277 38] © © ;2£01..3: 40% # 
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Middle Digits II Aft. Middle Digits II Aft. f 
JH. M. ſeclipſed Chr H. M. ſeclipſed Che. & D.|H. 
26112 . 220 Total 16910 0 5 5; Es 1 696[{2ÞMay 30[1 
1.—* 1692]@ 3 20 —— |] 166] @]Nov. 8]! 
14 —| * 169 2]85 17 31—— fig Nov. 23017 
7. 446 49692] 7116 9 Total || 1697]$3JApril” 200 
16 27 — 1693. 17 250 Total || 1697|@[May 50 
Noon 169 JS], Noon — 1697 oct. 29 
19 40— 159400 Noon |——— || 1698]t3|Apr. 10 
7. 42 Total 169400 4 22] 6 2246988 Od. 315 
28115 46] Fatal || 1692] @ 13 51] © 47 |] 1699] @[Mar, 15| 
10 — 169518 5 16 99% Mar. 30. 
24% 145 534/1695] Noon — 169 9 @]$ept. 
6 — 116695 8 of 6 55 |]|/1699]t3|Sept. 23 
| 2 42þ—— 14 96 . > ib 1700] @[March 4 
17 z3ol———}|J169del 12 451 Potal Hod Aug. 29 


The Eclipſes from SRU VER were obſerved: thoſe from Riccio us cal- 
culated.: the following from L art de verifier les Dates, are only thoſe which 
are viſible in Europe for the preſent century: thoſe which are total are marked 
witha T; and M ſignifies Morning, A Afternoon. 
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Viſible E C LIPS E s from 1700 to 1800. 
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Time of S&T: if Time of | At.] [Months lime of 
. the Day q1 the Day - Chr and the Day 
or Night or Night Days | or Night | 
11 A. 9 M. 7. | 1732 © Dec. 36 A; 5 
:7 M. F MW 1733 May 1307 A. 
1. M. T. jj 3 M. | 1733]@ May 2807 A. 
7 . T. 6 A. | 1735|@ Oc. 1 M. 
7, M. 8 A. T. 1736/0 Mar. 26012 A. T. 
2 M. 9 A. | 173% Sept. 200 3 M. 7. 
10 M. 3 1734}, OR. 46 A. 
17 A. 3. K. 1737] 0 March 1] 4 A. 
2: . 1 3 As 1737]@jSept. 9 4 M. 
6 M. | 4) A. 1738] Aug, 1511 M. 
8 M. | 7. 1739/0 Jan. 241 A. | 
9 A. | 4 M. 173% 0 Aug. 4| 5 A. 
2 . | 7: As . 1730]t Dec. zo 9 M. 
4. 6 A. 174000 Jan. 1311 A. 7. 
1 A. s N. 174100 Jan. 1012 A. 
8 A. 7 N. 17430. Nov. 2] 3 M. 7. 
y 2916 A. F. 9 A, T. 1744] Aug. 26 A. 
8 8.54. 1 M. 1746 ®jAug. 30012 A. 
6 A 173|@[Feb 4 M. 1747]@ Feb. 14] 5 M. 7. 
6. 1 8-4... ' . 173:il@([June 20] 2 M. 174tI8 July 25[11 M. 
— — . —— * — —ä—ä Afr 
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Tag | | Months) Time ef Aft | Months] Time of Months] Time of 
ent.] { and | the Day Ra, || and the Day and | the Day 
; Days | or Night ; Days d or Night Days or Night 

117450 8% A. 18 Aug. 16 9 9 
749 24 8 A. . j{i17%66|@{Feb: 2a} 7 A. 

1750 9 M. Tee 
1'759]@ 9 A. . 

se 7 M. 14 M. V. 

175100 a I. 4 A. 7. 

117510 210 A. 8 M. 

ze 1348 A. > M. 

175310 7 A. 10 M. 

17530 26h M. 2 M. 

1755 28] i M. „ 

17570 446 NM. N 

17570 gels Ac jo M. 

1758.5 7 M. 7 5 N. 

175800 7 M. 7 ©. 

1759 >, A. io Mi © 

17590 3 8: M. . 

[1760] @[May 9 A. CT 

17Co[t3\June 5 r 

1760140 9 A. 4 A. 

1701] @jMay E 6 M. 

176210 4 M. 17 May 3c] 5 M. 7 

1762[$3jOR. 17] 8 M. 779] lune . 

1762 2 Lor. 118 A. 8 A. 

1763 Gf Apr. 13] 8 M. 6 A. 

17640 % Apr. Jo M. 24 M. 4] 
[1764 @[4pril 16] 1 M, | 3. A? 7 2717 
1/76] ;%\Mar. 21] 2 A. 8 M. [|| :8cotg/OR8.. 2h 


Of Etlipfs Ec 
Viſible ECLIPSE S from 1700 to 1800. 8 | 


A Lift of Eclipfes, and hiftorical Events, which happened about the ſame 
Times, from Riceiouus, | 


Before CHRIST. : * | 1 1 
| Jui ut according to an old Calendar, 121, there 
754 N . was an Eclipſe S the Sun, on which e Foun- 
. dations of Rome were laid; if we may believe 
TARUNTIUSs FIRMAN us. 
721 | March 19 A total Eclipſe of the Moon. The ian em- 

pire at an end; the Babylonias eſtabliſhed. 

585 | May 28 An Eclipſe of the Sun foretold by THALEs, by Hiſtorical 
which a peace was brought about between the Eelipſes. 
Medes and 7 ., 
523 | July 16 An Eclipſe of the Moon, which was followed 
| by the death of CamBrsrs. 
The Eclipſe which occaſioned this peace was in the year before CHRIST 603; ſee 


n. 4th on 8 317. 
* A a 2 Before 


- 
= . » Wh = — — ä ͤ— = -_ 


1 
| 
/ 


180 / Eclipſes. 
Before CHRIST. | . QTINNY old 
502 | Nev. 19; An Eclipſe of the Moon, which was followed 
I | by the ſlaughter of the Sabines, and death of 

Valerius Publicola. | 
491 | April 25 An Eclipſe of the Moon, which was followed 
; $4 - by a great famine at Rome; and the beginning of 
H Fed the A area war *, 5 

An Eclipſe of the Sun. The Perſian war, and 
the falling off of the Perſians from the Egyptians. 
431 Auguſt 3 A total Eclipſe of the Sun. A Comet and 

ä i Plague at Athens Þ. | 

413 | Aug. 27 A total Eclipſe of the Moon. Nicias with his 
| ſhip deſtroyed at Syracuſe. 
394 | Aug. 14| An Eclipſe of the Sun. The Per/ans beat by 
Conon in a ſea engagement. 
168 | June 21 A total Eclipſe of the Moon. The next day 
| Perſeus King of Macedonia was conquered by 
Paulus Emilius. : 


--” 


After CurIsT, 

59 April 30 An Eclipſe of the Sun. This is reckoned a- 

8 ene mong the prodigies, on account of the death of 

| | Agrippinus by Nero. 

237 | April 12| A total Eclipſe of the Sun. A ſign that the 

— reign of the Gordian would not continue long. 
I OO A ſixth perſecution of the Chriſtians. 

306 | Fuly 27| An Eclipſe of the Sun. The Stars were ſeen, 

and the Emperor Conſtantius died. 

840 e 4] A dreadful Eclipfe of the Sun. And Lervis 
| the Pious died within fix months after it. 
An Eclipſe of the Sun. And Jeruſalem taken 

= by the Saracens. 

1133.| Aug. 2| A terrible Eclipſe of the Sun. The Stars were 
i I ſeen. A' ſchiſm in the church, occaſioned by 

I there being three Popes at once. 


1009 


The fuperſti._ 323 J have not cited one half of Ricciolus's liſt of portentous 
tious votions Eclipſes; and for the ſame reaſon that he declines giving any more 


of the antients . "RS; , 
3 of them than what that liſt contains: namely, that tis moſt diſ- 


to Eclipſes, The beginning of this war is here antedated 60 years. 


4 This Eclipſe happened in the firſt year of the Peleponneſian war. 
agree 
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agreeable to him to dwell any longer on. ſuch: nonſenſe ; and that hePLATE xt. 2 55 


would as much as poſſible avoid tiring his readers: the ſuperſtition of 

antient times may be ſeen by the few here copied. My author far- 

ther ſays, that there were treatiſes wrote to ſhew againſt what regions 

the malevolent effects of any particular Eclipſe was aimed: and the 

writers affirmed, that the effects of an Eclipſe of the Sun continued 

as many years as the Eclipſe laſted hours'; and that of the Moon as 

many months. | | | | 
324. Such groundleſs notions were once of no ſmall advantage to Very fortu- 


nate once for 


_. CyRISTOPHER COLUMBUS ; who, in the year 1493, was drove on g,..rommn 


the iſland of Jamaica, where he was in the greateſt diſtreſs for want Coronnvs. 
of proviſions; and was moreover. refuſed . any aſſiſtance from the in- 
habitants, on which he threatened them with a plague; and that in 
token of it there ſhould be an Eclipſe : which accordingly fell on the 
day he had foretold, and fo terrified the Barbarians, that they ſtrove - 
who ſhould be firſt in bringing him all ſorts of proviſions; throw- 
ing them at his feet, and imploring his forgiveneſs. - RiccioLus's 
Almage Vol. I. 1. Cal: 1 | 
325. Eclipſes of the Sun are more frequent than of the Moon, Why there 
becauſe the Sun's ecliptic limits are greater than the Moon's, & 311 : bl. oe 
yet we have more viſible Eclipſes of the Moon than of the Sun; the Moon 
becauſe Eclipſes of the Moon are ſeen from all parts of that Hemi- than of ihe 
ſphere of the Earth which is next her, and equally great to each of 
theſe parts; but the Sun's Eclipſes are viſible only to that ſmall portion 
the Hemiſphere next him where the Moon's ſhadow falls ; as thall be 
explained by and by at large. 53 21 l 1 0% 
326. The Moon's orbit being elliptical, and the Earth in one of its 
focuſes, ſhe is once at her leaſt diſtance from the Earth, and once at 
her greateſt in every Lunation. When the Moon changes at her Fig. . 
leaſt diſtance from the Earth, and ſo near the Node that her dark 124 
ſhadow falls on the Earth, ſhe appears big enough to cover the whole bes _ an- 
* Diſc of the Sun from that part of the Earth on which her ſhadowyof te Sun. 
falls; and there he appears totally eclipſed as at A for ſome minutes: 
But when ſhe changes at her greateſt diſtance from the Earth, and 
ſo near the Node that her dark ſhadow is directed towards the Earth, 
her diameter ſubtends a leſs angle than the Sun's; and therefore ſhe 


cannot hide his whole Diſc from any part of the Earth, nor does her 


* Although the Sun and Moon are ſpherical bodies, as ſeen from the Earth they 
appear to be circular planes, and ſo would the Earth if it were ſeen from the Moon. 
The apparently flat ſurfaces of the Sun and Moon are called their Diſts by Aſtrono- 
mers. | 


ſhadow 


182 Of Eclipſes. 
© "ſhadow reach it at that time; and to the place over which the point 
of her ſhadow hangs; the Eclipſe is annular as at B; the Sun's edge 
appearing like a luminous ring all around the body of the Moon. 
When che Change happens within 18 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the point of her ſhadow 
juſt touches the Earth, and ſhe eclipſes the Sun totally to that ſmall 
ſpot where ther ſhadow falls; but the darkneſs is not of a moment's 
continuance, | 
The longeſt 327. The Moon's apparent diameter, when largeſt, exceeds the 
duration of Sun's when leaſt, only 2 min. 4 ſec. of a degree: Hence, in the 
coral Eclipies greateſt Eclipſe of the Sun that can happen at any time and place ; 
the total darkneſs continues no longer than whilſt the Moon is going 
2 min. 4 ſec. from the Sun in her Orbit; which is about 4 minutes 
| and 5 ſeconds of an hour. | | 
To how mach 328. The Moon's dark ſhadow only covers a ſpot on the Earth's 
of the Earth ſurface, about 180 Engliſb miles broad, when the Moon's diameter 
RE appears largeſt, and the. Sun's leaſt ; and the total darkneſs can extend 
partially no farther = the dark ſhadow covers. Yet the-Moon's partial Shadow 
xs at or Penumbra may then cover a circular fpace 4900 miles in diameter, 
| within all which the Sun is more or leſs eclipſed as the places are 
leſs or more diſtant from the Center of the Penumbra. hen the 
Moon changes exactly in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe ; becauſe at that time it 
falls perpendicularly on the Earth's farkice : but at evety other mo- 
ment it falls obliquely, and will therefore be elliptical ; and the more 
ſo, as the time is longer before or after the middle of the general 
Eclipſe ; and then, much greater portions of the Earth's ſurface are 
involved in the Penumbra. © 
329. When the Penumbra firſt touches the Earth, the general 


Duration of 


general and Eclipſe begins: when it leaves the Earth the. general Eclipſe ends : 


[7 ne from the beginning to the end the Sun appears eclipſed in ſome part 


of the Earth or other. When the Penumbra touches any place the 
Eclipſe begins at that place, and ends when the Penumbra leaves it. 
When the Moon changes in the Node, the' Penumbra goes over the 
center of the Earth's Diſc as feen from the Moon ; and conſequently, 
by deſcribing the longeſt line poſſible 'on the Earth, continues the 
| longeſt upon it; namely, at a mean ſtate, 5 hours 50 minutes: more, 
if the Moon be at her greateſt diſtance from the Earth, becauſe ſhe 
then moves ſloweſt; leſs, if ſhe be at her leaſt diſtance, becauſe of 


her quicker motion; F 144. 


330. 
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330, That the laſt, five artieles, and ſeveral other Phenaomena PLATE XT. 
may be made the plainer, let & be the Sun, E the Earth, M the 11 
Moon, and AMP the Moon's, Orbit. Draw the right line Nera 
from the weſtern edge of the Sun at V, touching the weſtern edge 

of the Moon at c, and the Earth at 12; draw alſo the right line 

Vd 12 from the eaſtern edge of the Sun at V, touching the eaſtern The Moon's 
edge of the Moon at d, and the Earth at 12; the dark: ſpace ce 12 ddak ſfadow. 
included between thoſe lines is the Moon's ſhadow, ending in a point 

at 12 where it touches the Earth; becauſe in this caſe the Moon 
changes at M in the middle between A the Apogee, or fartheſt point 

of her Orbit from the Earth, and P the Perigee, or neareſt point to 

it. For, had the point P been at M, the Moon had been nearer the 

Earth; and her dark ſhadow at e would have covered a ſpace upon 

it about 180 miles broad, and the Sun would have been totally 

darkened as at A (Fig. I.) with ſome. continuance : but had the point 

A (Fig. II.) been at M. the Moon would have been farther from 

the Earth, and her ſhadow. would have ended in a point about e, 

and therefore the Sun would have appeared as at B (Fig. L) like 

a luminous ring all around the Moon, Draw the right lines # X46 

and YV Xcg, touching the contrary ſides of the Sun and Moon, and 

ending on the Earth at à and . draw alſo the right line S Ma, 
from the center of the Sun's Diſe, through the Moon's center, to the And penum- 
Earth at 12; and ſuppoſe the two former lines #X4: and LAtg tobra. 
revolve round the laſt line as an Axis, and their points a and & will 

deſcribe the limits of the Penumbra TV on the Earth's ſurface; in- 

cluding the large ſpace a0b12a;; within which the Sun appears more 

or leſs eclipſed as the places are more or leſs; diſtant from the verge 

of the Penumbra aob. ei no ies | Ha re wa 
Draw the right line y 12 acroſs the Sun's Diſe, and coincident with Digits, what. 
the plane of the Moon's Orbit; divide this line into twelve equal parts, 

as in the Figure, for the twelve * Digits of the Sun's diameter: and 

at equal diſtances from the center of the Penumbra, T to its edge 

on the Earth, or from 12 to o, draw twelve concentric: Circles; as 

marked with the numeral; Figures 1 2 3 4; &c. and remernber that the 

Moon's motion in her Orbit A is from weſt: to eaſt, as from 

s to 7. | 1 7 | | 
To a ſpectator on the Earth at 5, the eaſtern: limb of the Moon: atThe d'#:rent 
d ſeems to touch the weſtern limb of the Sun at V, when the Moon Phaſcs of a ſo- 


lar Eclipſe. 


is at M; and the Sun's Eclipſe begins at &; appearing as at A in 


- 


* A Digit is a twelfth part of the diameter of the Sun and Moon. 
| : Fig. 
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PLATE xl. Fig. III. at the left hand; but at the ſame moment of abſolute time 


Fig. III. 


Fig. II. 


The Velocity Sun is eclipſed, becauſe 
of the Moon's E 


ſhadow on 
the Earth. 


Fig. IV. 
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to a ſpectator at'@in Fig. II. the weſtern edge of the Moon at c leaves 
the eaſtern edge of the Sun at V, and the Eclipſe ends, as at the 
right hand C of Fig. III. At the very ſame inſtant, to all thoſe 
who live on the Circle marked 1 on the Earth E in Fig. II. the 
Moon M cuts off or darkens a twelfth part of the Sun &, and 


eclipſes him one Digit, as at 1 in Fig. III: to thoſe who live on 


the Circle marked 2 in Fig. II. the Moon cuts off two twelfth parts 
of the Sun, as at 2 in Fig. III: to thoſe on the Circle 3, three 
s; and ſo on to the center at 12 in Fig. II, where the Sun is cen- 
trally eclipſed as at B in the middle of Fig. III. under which Fi- 
ure there is a ſcale of hours and minutes, to ſhew at a mean ſtate 
2 long it is on the parallel of London, from the beginning to the 
end of a central Eclipſe of the Sun; and how many Digits are 
eclipſed at any particular time from the beginning at A to the middle 
at B, or end at C. Thus in 16 minutes from the beginning, the 
Sun is two Digits eclipſed; in an hour and five minutes, 8 Digits; 
and in an hour and thirty- ſeven minutes, 12 Digits. | 
331. By Fig. II. it is plain, that the Sun is totally or centrally 
eclipſed but to a ſmall part of the Earth at any time; becauſe 
the dark conical ſhadow e of the Moon M falls but on a ſmall 


part of the Earth: and that the partial Eclipſe is confined at 
that time to the ſpace included by the Circle 2 o 5, of which one 
half is ſuppoſed'to be hid by the ' convexity of the Earth E; and 


likewiſe, that to the mm ſpace XY of the Earth, no part of the 
e Moon is not between the Sun and that 
part of the Earth : and therefore to all that part the Eclipſe is in- 


viſible. The Earth turns eaſtward on its Axis, as from g to h, which 


is the ſame way that the Moon's ſhadow moves; but the Moon's mo- 
tion is much ſwifter in her Orbit from s to 7: and therefore, although 
Eclipſes of the Sun are of longer duration on account of the Earth's 
motion on its Axis, than they would be if that motion was ſtopt, 
yet in four minutes of time the Moon's ſwifter motion carries her 
dark ſhadow quite over any place that its center touches at the time of 
greateſt obſcuration. The motion of the ſhadow on the Earth's Diſc 
is equal to the Moon's motion from the Sun, which is half a degree 
every hour at a mean rate; but half a degree in the Moon's Orbit is 
equal to 30 degrees of a great Circle on the Earth, F$ 314; and 


therefore the Moon's ſhadow goes 30 degrees, or 1800 geographical 


miles, on the Earth in an hour; or 30 miles in a minute, which is 
almoſt four times as ſwift as the motion of a cannon ball. 
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332. As ſeen from the Sun or Moon; the Earth's Axis appears PLATE XI. | 
differently inclined every day of the year, on account of keeping its p;, Iv. 
paralleliſm throughout its annual courſe. Let E, D, O, N, be the 
Earth at the two Equinoxes and the two Solſtices; 'N its Axis, 

N the North Pole, S the South Pole, & & the Equator, T the Tro- 
pic of Cancer, F the Tropic of Capricorn, and ABC the Circym-p, 
ference of the Earth's enlightened: Diſc as ſeen from the New Moon of theEarth as 
at theſe times. The Earth's Axis has the poſition NES at the ver- {cen from the 
nal Equinox, lying towards the right hand, as ſeen from the Sun or Noon at ir. 
New Moon; its Poles N and & being then in the Circumference of ferent times 
the Diſc ; and the Equator, and all its parallels ſeem to be ſtraight“ ear. 
lines, becauſe their planes paſs through the obſerver's eye, looking 
down upon it from the Sun or Moon directly over E, where the 
Ecliptic F G interſects the Equator A. At the Summer Solſtice, the 
Earth's Axis has the poſition NDS; and that part of the Ecliptic FG 


in which the Moon is then New, touches the Tropic of Cancer at 


TJ. The North Pole N at that time inclining 234 degrees towards 
the Sun, falls ſo many degrees within the Earth's enlightened Diſc, 

; becauſe the Sun is then vertical to D, 23+ degrees north of the Equa- 
tor E; and the Equator, with all its parallels, ſeem elliptic curves 
bending downward, or towards the South Pole as ſeen from the Sun : 
which Pole, together with 234 degrees all round it, is hid behind the 
Diſc in the dark Hemiſphere of the Earth. At the autumnal Equi- 
nox the Earth's Axis has the poſition NOS, lying to the left hand as 
ſeen from the Sun or New Moon, which are then vertical to O, where 
the Ecliptic cuts the Equator £9. Both Poles now lie in the circumfer- 
ence of the Diſc, the North Pole juſt going to diſappear behind it, 
and the South Pole to enter into it; and the Equator, with. all its 
parallels, ſeem to be ſtraight lines, becauſe all their planes paſs through 
the obſerver's eye, as ſeen from the Sun, and very nearly fo as ſeen 
from the Moon. At the Winter Solſtice the Earth's Axis has the 
poſition NM, its South Pole & inclining 23+ degrees toward the 
Sun, falls fo far within the enlightened Diſc, as ſeen from the Sun or 
New Moon, which are then vertical to the Tropic of Capricorn t, 
234 degrees ſouth of the Equator ; and the Equator, with all 
its parallels, ſeem elliptic curves bending upward ; and the North 
Pole is as far hid behind the Diſc in the dark Hemiſphere, as the 
South Pole is come into the light. 'The nearer that any time of the 
year is to the Equinoxes or Solſtices, the more it partakes of their 
Phenomena. 
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PLATE xl. 333. Thus it appears, that from the vernal Equinox to the au- 
x tumnal, the North Pole is enlightened ; and the Equator, and all its. 
3 e- parallels, appear Semi-ellipſes, as ſeen from the Sun, more or leſs 
Earth's Axis, curved, as the time is nearer to, or farther from, the Summer Sol- 
s ſeen from ſtice; and bending downwards, or towards the South Pole: the reverſe 
liffenttimes Of which happens from the autumnal Equinox to the vernal. A 
of the year. little confideration will be ſufficient to convince the reader, that the 
Earth's Axis inclines towards the Sun at the Summer Solftice ; from 
him at the Winter Solſtice ; and fidewiſe to him at the Equinoxes ; 
but towards the right hand, as ſeen from the Sun at the vernal Equi- 
nox ; and towards the left hand at the autumnal. From the Winter 
to the Summer Solſtice, the Earth's Axis inclines more or leſs to the 
right hand, as ſeen from the Sun ; and the contrary from the Sum- 
mer to the Winter Solftice. h 

How theſe 334. The different poſitions of the Earth's Axis, as ſeen. from the 
— Sun at different times of the year, affect ſolar Eclipſes greatly with 
regard to particular places; = ſo far as to make central Eclipſes at 
one time of the year inviſible at another, even ſuppoſe the Moon 
ſhould always change in the Nodes, and at the ſame * of the day: 
of which indefinitely various affections, we ſhall only give Examples 

for the times of the Equinoxes and Solſtices. 
Fig. IV. In the ſame Diagram, let FG be part of the Ecliptic, and IK 
7h ił 1k part of the Moon's Orbit; both ſeen edgewiſe, and therefore 
projected into right lines; and let the interſections N, O, D, and E, 
be one and the ſame Node at the above times, when the Earth has 
the forementioned different poſitions; and let the ſpaces included by 
the Circles P, p, p, and p, be the Penumbra at theſe times, as its cen- 
ter is paſſing over the center of the Earth's Diſc. At the Winter Sol- 
ſtice, when the Earth's Axis has the poſition NNS, the center of 
the Penumbra P touches the Tropic of Capricorn # in N, at the 
middle of the general Eclipſe ; but no part of the Penumbra touches 
the Tropic of Cancer T. At the Summer Solftice, when the Earth's 
Axis has the poſition NDS (iDꝭ being then part of the Moon's 
Orbit, whoſe Node is at D) the Penumbra p has its center on the 
Tropic of Cancer T at the middle of the general Eclipſe, and then 
no part of it touches the Tropic of Capricorn 7. At the autumnal 
Equinox, when the Earth's Axis has the poſition NOS (7O& being 
then part of the Moon's Orbit) the Penumbra equally includes part 
of both 'Fropics T and ? at the middle of the general Eclipſe ; and 
at the vernal Equinox it does the fame, when the Earth's Axis has 
the poſition NES: But, in the former of theſe two laſt caſes, the 
| | I Penumbra 
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Penumbra enters the Earth at A, north of the Tropic of Cancer T, 


and leaves it at , ſouth of the Tropic of Capricorn; having gone 
over the Earth obliquely ſouthward, as its center deſcribed the line 
AOm : whereas in 3 latter caſe, the Penumbra touches the Earth 
at 7, ſouth of the Equator #9, and deſcribing the line Eq (ſimi- 
lar to the former line AOm in open ſpace) goes obliquely northward 
over the Earth, and leaves it at , north of the Equator. | 

In all theſe caſes, the Moon has been ſuppoſed to change at noon, 
in her deſcending Node : had ſhe changed in her aſcending Node, the 
Phenomena would have been as various the contrary way, with re- 
ſpect to the Penumbra's going northward or ſouthward over the 
Earth. But becauſe the Moon changes at all hours, as often in one 
Node as the other, and at all diſtances from them both at different 
times as it happens, the variety of the Phaſes of Eclipſes are almoſt 
innumerable, even at the ſame places, conſidering alſo how variouſly 
the places are ſituated on the enlightened Diſc of the Earth, with re- 
ſpect to the Penumbra's motion, at the different hours that Eclipſes 


happen. 
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335. When the Moon changes 18 degrees ſhort of her deſcend- How much of 
ing Node, the Penumbra P 18 juſt touches the northern part of the the Penumbra 


Earth's Diſc, near the North Pole MN; and as ſeen from that place 


falls on the 
Earth at dif- 


the Moon appears to touch the Sun; but hides no part of him from ferent dittan- 


ſight : Had the Change been as far ſhort of the aſcending Node, 
Penumbra would have touched the ſouthern part of the Diſc near 


the South Pole S. When the Moon changes 12 degrees ſhort of 


the deſcending Node, more than a third part of the Penumbra P 12 
falls on the northern parts of the Earth at the middle of the general 
Eclipſe : had ſhe changed as far paſt the ſame Node, as much of 
the other ſide of the Penumbra about P would have fallen on the 
ſouthern part of the Earth ; all the reſt in the expanſum, or open 
ſpace. When the Moon changes 6 degrees from the Node, alm 

the whole Penumbra P 6 falls on the Earth at the middle of the 
general Eclipſe. And laſtly, when the Moon changes in the Node, 
the Penumbra PN takes the longeſt courſe poſſible on the Earth's Diſc; 
its center falling on the middle thereof, at the middle of the general 
Eclipſe. The farther the Moon changes from either Node within 


18 degrees of it, the ſhorter is the Penumbra's continuance on the 


Earth, becauſe it goes over a leſs portion of the Diſc, as is evident 


by the Figure. ; | 
6. The nearer that the Penumbra's center is to the Equator at 


the middle of the general Eclipſe, the longer is the duration of the 


OR 
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The Earth's Eclipſe at all thoſe places where it is central; becauſe, the nearer 
ciurnal won that any place is to the Equator, the greater is the Circle it deſcribes 
5 duration by the Earth's motion round its Axis: and ſo, by moving quicker, 
of ſolzr E- keeps longer in the Penumbra, whoſe motion is the ſame way with 
iptes, wh" that of the place, but faſter, as has been already mentioned 8 331. 
the polar Cir: Thus, (ſee the Earth at D, and the Penumbra at 12) whilſt the 
GN. point & in the polar Circle abcd is carried from & to c by the Earth's 
diurnal motion, the point 4 on the Tropic of Cancer T is carried a 
much greater length from d to D : and therefore, if the Penumbra's 
center goes one time over c, and another time over D, the Penumbra 
will be longer in paſſing over the moving placed than it was in paſſing 
over the moving place 54. Conſequently, central Eclipſes about the 
Poles are of the ſhorteſt duration; and about the Equator of the 
longeſt. | 
And ſhortens 337. In the middle of Summer the whole frigid Zone included 
me curation by the polar Circle, abcd is enlightened ; and if it then happens that 
fall within the Penumbra's center goes over the north Pole, the Sun will 
theſe Circles. be eclipſed much the fame number of Digits at @ as at c; but whilt{t 
the Penumbra moves eaſtward over c it moves weſtward over a, be- 
cauſe with reſpect to the Penumbra, the motions of @ and c are con- 
trary: for c moves the ſame way with the Penumbra towards 4; but 
@ moves the contrary way towards &: and therefore the Eclipſe will 
be of longer duration at c than at a. At à the Eclipſe begins on the 
Sun's eaſtern limb, but at c on his weſtern : at all places lying with- 
out the polar Circles, the Sun's Eclipſes begin on his weſtern limb, 
or near it, and end on or near his eaſtern, At thoſe places where 
the Penumbra touches the Earth, the Eclipſe begins with the riſing 
Sun, on the top of his vertical diameter, or uppermoſt edge; and 
at thoſe places where the Penumbra leaves the Earth, the Eclipſe 
ends with the ſetting Sun, on the top of his eaſtern edge, which 
is then the uppermoſt, juſt at its diſappearing in the Horizon. 
The Moon 338. If the Moon were ſurrounded by an Atmoſphere of any con- 
has no Atmo-fiderable Denſity, it would ſeem to touch the Sun a little before the 
* Moon made her appulſe to his edge, and we ſhould ſee a little faintneſs 
on that edge, before it were eclipſed by the Moon: But as no ſuch 
faintneſs has been obſerved, at leaſt fo far as I ever heard, it ſeems 
plain, that the Moon has no ſuch Atmoſphere as that of the Earth. 
| The faint ring of light ſurrounding the Sun in total Eclipſes, called 
| by CAss INI /a Chevelure du Soleil, ſeems to be the Atmoſphere of 
| the Sun; becauſe it has been obſerved to move equally with the Sun, 
| and not with the Moon. 
e | 339+ 
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339. But what ſeems to put this matter beyond all diſpute, is aPLATE XI. 
curious obſervation of CassINI1's * on the Star y in the breaſt of | 
Virgo, which appears ſingle and round to the naked eye ; but through 

a refracting · Teleſcope of 16 feet, appears to be two Stars, ſo near 
together that the diſtance between them ſeems to be but equal to one 

of their apparent diameters. The Moon was obſerved to paſs over 

them on the 21ſt of April 1720, N. S. and as ker dark edge drew 

near to them; it cauſed no change in their colour or ſituation. At 

25 min. 14 ſec. paſt 12 at night, the moſt weſterly of theſe Stars was 

hid by the dark edge of the Moon ; and in half a minute afterwards, 

the moſt eaſterly Star was hid; each of them diſappearing behind 

the Moon in an inſtant, without any preceding diminution of mag- 

nitude or brightneſs ; which by no means could have been the caſe 

if there were an Atmoſphere round the Moon; for then, one of the 

Stars falling obliquely into it before the other, ought by refraction to 

have ſuffered ſome change in its colour, or in its diſtance from the 

other Star, which was not yet entered into the Atmoſphere. But no 

ſuch alteration could be perceived, though the obſervation was per- 

formed with the utmoſt attention to that particular ; and was very 

proper to have made ſuch a diſcovery . 

340. Having been ſo prolix concerning Eclipſes of the Sun, we 
ſhall drop that ſubject at preſent, and proceed to the doctrine of lunar 
Eclipſes ; which being more ſimple, may be explained in leſs time. 

That the Moon can never be eclipſed but at the time of her being Eclipſes of 
Full, and the reaſon why ſhe is not eclipſed at every Full, have been h Moon. 
ſhewn already, F 310, 311. Let S be the Sun, E the Earth, RR the 
Earth's ſhadow, and B the Moon in oppoſition to the Sun: in this Fig. II. 
ſituation, the Earth intercepts the Sun's light in its way to the Moon ; 
and when the Moon touches the Earth's ſhadow at v ſhe begins to be 
eclipſed on her eaſtern limb x, and continues eclipſed until her 
weſtern limb y leaves the ſhadow at a : at B ſhe is in the middle of 
the ſhadow, and conſequently in the middle of the Eclipſe. 

341. The Moon when totally eclipſed, is not inviſible if ſhe be 
above the Horizon, and the Sky be clear ; but appears generally of a 
duſky colour, like tarniſhed copper, which ſome have thought to be Why the _ 
the Moon's native light. But the true cauſe of her being viſible is the den 2 
ſcattered beams of the Sun, bent into the Earth's ſhadow by going Eclipſe. 
through the Atmoſphere; which being more denſe near the Earth 
than at conſiderable heights above it, refracts or bends the Sun's rays 


* Memoirs dacad. ann. 1720. 
+ LoxG's Aſtronomy, Art. 893, & ſeq. | 
more 
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PLATE XI. more inward, {$ 169, the nearer they are paſſing by the Earth's ſur- 
face, than thoſe rays which go through higher parts of the Atmo- 
ſphere, where it is leſs denſe, according to its height, until it be ſo 
thin or rare as to loſe its refractive power. Let the Circle gh, con- 
centric to the Earth, include the Atmoſphere, whoſe refractive power 
vaniſhes at the heights / and i; ſo that the rays Y/fa and Viv go on 
ſtraight without fuffering the leaſt refraction : But all thoſe rays which 
enter the Atmoſphere between f and +, and between : and , on op- 
polite fides of the Earth, are gradually more bent inward as they go 
through a greater part of the Atmoſphere, until the rays V and V, 
touching the Earth at mz and u, are bent ſo as to meet at 9, a little 
ſhort of the Moon ; and therefore the dark ſhadow of the Earth is 
contained in the ſpace moqpn, where none of the Sun's rays can enter: 
all the reſt, RR, being mixed by the ſcattered rays which are reſracted 
as above, is in ſome meaſure enlightened by them ; and ſome of thoſe 

_ falling on the Moon give her the colour of tarniſhed copper, or 

of iron almoſt red hot. So that if the Earth had no Atmoſphere, the 
Moon would be as inviſible in total Eclipſes as ſhe is when New. If 
the Moon were ſo near the Earth as to go into its dark ſhadow, ſup- 
poſe about po, ſhe would be inviſible during her ſtay in it; but viſible 
before and after, when in the fainter ſhadow RR. 4 | 

Why the Sun 342. When the Moon goes through the center of the Earth's ſha- 

= vj. dow, ſhe is at that moment directly oppoſite to the Sun: yet the Moon 

ſible when the has been often ſeen totally eclipſed in the Horizon, when the Sun was 

_— , alſo viſible in the oppoſite 8 of it: for, the horizontal refraction 
being almoſt 34 minutes of a degree, F 171, and the diameter of the 

Sun and Moon being each, at a mean ſtate, but 34 minutes, the re- 
fraction cauſes both Luminaries to appear above the Horizon when 
they are really below it; 5 169. 

Fig V. 43. When the Moon is Full at 12 degrees diſtance from either 
of her Nodes, ſhe juſt touches the Earth's ſhadow, but does not enter 
into it. Let GH be the Ecliptic, ef the Moon's Orbit, where ſhe is 
12 degrees from the Node at her Full; cd her Orbit, where ſhe is 6 
degrees from the Node; ab her Orbit, where ſhe is Full in the Node; 
AB the Earth's ſhadow, and M the Moon. When the Moon tran- 

Duration of fits the line ef, ſhe juſt touches the ſhadow, but does not enter into 

central E it; when ſhe tranſits the line cd ſhe is totally, though not centrally 

cliples of the jmmerſed in the ſhadow; and when ſhe tranſits the line ab ſhe paſſes 
by the Node at M in the center of the ſhadow, and takes the longeſt 
line poſſible, which is a diameter, through it: and ſuch an Eclipſe, 
being both total and central, is of the longeſt duration ; namely, 

| | 3 hours 


Moon. 
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3 hours 57 minutes 6 ſeconds from the beginning to the end, if the 
Moon be at her greateſt diſtance from the Earth: and 3 hours 37 mi- 
nutes 26 ſeconds, if ſhe be at her leaſt diſtance. The reaſon of this 
difference is, that when the Moon is fartheſt from the Earth ſhe 
moves ſloweſt; and when neareſt to it, quickeſt. | 

344. The Moon's diameter, as well as the Sun's, is ſuppoſed to beDigis. 
divided into twelve equal parts called Digits; and ſo many of theſe 
parts as are darkened by the Earth's ſhadow, ſo many Digits is the 
Moon eclipſed. All that the Moon is eclipſed above 12 Digits, ſhew 
how far the ſhadow of the Earth is over the body of the Moon, on 
that edge to which ſhe is neareſt at the middle of the Eclipſe. 

345. It is difficult to obferve exactly either the beginning or end-Why the be. 
ing of a lunar Eclipſe, even with a good Teleſcope; becauſe the 5 ei m0 
Earth's ſhadow is ſo faint, and ill defined about the edges, that when Eclipſe is ſo 
the Moon is either juſt touching or leaving it, the obſcuration of here cut — 
limb is ſcarce ſenſible; and therefore the niceſt obſervers can hardly 323 
be certain to four or five ſeconds of time. But both the beginning tion. 
and ending of ſolar Eclipſes are viſibly inſtantaneous; for the mo- 
ment that the edge of the Moon's Diſc touches the Sun's, his round- 
neſs ſeems a little broke on that part; and the moment ſhe leaves it 
he appears perfectly round again. 

346. In Aſtronomy, Eclipſes of the Moon are of great uſe in aſ- The uſe of 
certaining the periods of her motions; eſpecially ſuch Eclipſes as are Eclipſes in 
obſerved to be alike in all circumſtances, and have long intervals of wo 
time between them. In Geography, the Longitudes of places areand Chrono- 
found by Eclipſes, as already ſhewn in the eighth chapter: but for 
this purpoſe Eclipſes of the Moon are more uſeful than thoſe of the 
Sun, becauſe they are more frequently viſible, and the fame lunar 
Eclipſe is of equal largeneſs and duration at all places where it is ſeen. 

In Chronology, both ſolar and lunar Eclipſes ſerve to determine ex- 
actly the time of any paſt event: for there are ſo many particulars 
obſervable in every Eclipſe, with reſpect to its quantity, the places 
where it is viſible (if of the Sun) and the time of the day or night ; 
that tis impoſſible there can be two Eclipſes in the courſe of many 
ages which are alike in all circumſtances. | 

347. From the above explanation of the doctrine of Eclipſes it is The darkneſs 
evident, that the darkneſs at our SAviouR's crucifixion was fuper- du ee 
natural. For he ſuffered on the day that the Paſſover was eaten * fn ſuper- 
and the celebration of the Paſſover is ſtrictly commanded in ſeveral aura. 


* St, John, ch xvii, ver, 28, 
places 
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places of the Old Teſtament to be on the 14th-day of the firſt Month 
or Moon *, which day, according to the Jews way of reckoning, from 
the firſt appearance of the Moon after- her Change, fell upon the 
day of her being Full. But the Moon when Full is in the fide of 
the Heavens oppoſite to the Sun, and therefore cannot at that time 
caſt her ſhadow on the Earth, & 306, 3 10: neither does the total 
darkneſs in natural Eclipſes of the Sun laſt five minutes, § 327, 
whereas the darkneſs at the crucifixion laſted three hours + ; and ſeems 
to have overſpread much more of the Earth than was poſſible from an 
interpoſition of the Moon. 

348. The Jews always began their day at Sun-ſetting ; and kept ; 

the Paſſover on the day of the firſt Full Moon after the vernal Equi- 
nox (which, in our Savropk's time fell on the evening of the 22d 
day of March), For Joſephus expreſsly ſays 1, © The Paſſover was 
kept on the 14th day of the month Niſan, according to the Moon, 
when the Sun was in Aries. And the Sun always enters the Sign 
, Aries at the vernal Equinox. 
The year of 349. There is a remarkable Prophecy in Daniel, ch. ix. ver. 20, 
the patio 27. concerning the year in which the MzssiAn ſhould be cut off. 
And he ſhall confirm the Covenant with many for one week ; and in the 
midſt of the week he ſhall cauſe the Sacrifice and the Oblations to ceaſe. ” 
Now, as it is generally allowed, that by each of Damel's prophetic 
weeks was meant ſeven years, the middle of the week muſt be in the 
fourth year. And, as our Saviour did not enter upon his public 
miniſtry, or confirming the covenant, until he was baptized, which, 
according to St. Luke, ch. iii. ver. 23. was in the beginning of his 
zoth year, or when he was full 29 years old, this prophecy points out 
the very year of his death; namely, the 33d year of his age, or 
fourth year of his public miniſtry. Let us now try whether we can 
aſcertain that year from aſtronomical principles and calculations. 

350. The Jews meaſured their months by the Moon, and their 
years by the revolution of the Sun ; which obliged them either to 
intercalate 11 days at the end of every 12th month ; or a whole 
month (which they called Ye-Adar) every third year: for 12 lunar 
months want almoſt 11 days of 12 months meaſured by the Sun. 

351. In the year of the crucifixion, the Paſſover Full Moon was 
on a Friday; for our Saviour ſuffered on the day next before the 


* Exod. ch. xii. ver. 6, and many other places. 
+ Matth. ch. xxvii. ver. 45. 
t Antig. lib. iii. ch. x. 
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Jews Sabbath, Here we have the day of the week aſcertained. - St, 


Mark, ch. xv. ver. 42. St. Luke, ch. xxiii. ver. 54. 1 

As the lunar year falls 11 days ſhort of the ſolar, the Full Moon 
in any given month, muſt at the annual return of that month be 
11 days ſooner; and conſequently cannot fall again upon the ſame. 
day of the week : for 11 days meaſure a week, and four days over. 
Hence, if the April Full Moon this year, for example, be on a Suns: 
day, on the next year it will be on a Thurſday ; unleſs the next be a 


leap-year, which will cauſe 12 days difference; and ſo, counting 


backward, throw it on a Wedneſday. it 
Thus tis plain, that in different neighbouring years, the Paſſover 
Full Moons muſt be on different days of the week, unleſs when the 
Paſſover Months themſelves are different: that is, when the Full 
Moon happens between the vernal Equinox and firſt day of Abril, the 
Paſſover falls in March; but always in April when no Full Moon 
happens within this limit. | 123 | 
Now, if it can be proved, that there was but one Paſſover Full 
Moon on a Friday in the courſe of a few years, about which we 
imagine the year of the crucifixion, to have been, as it is generally 
allowed that our account is not above four or five years wrong at 
moſt ; that year on which the Paſſover Full Moon fell on a Friday 
muſt undoubtedly be the year ſought. . 


In order to determine this, I firſt went to work with my ay: 


which, in two or three minutes may be rectified ſo as to ſhew 


days of the months anſwering to all the New and Full Moons and 


Eclipſes, in any given year, within the limits of 6009 years both be- 
fore and after the Chr lian Era and when once ſet right, will ſerve 
for above 300 years without any new rectification. I began with 
the 21ſt year after the common date of our SAviou's birth, and ob- 


ſerving from thence, in every year to the goth, was ſurpriſed to find 


that in the whole courſe of 20 years fo run over, there had been 
but one Paſſover Full Moon on a Friday: and that one was in the 
33d year of our SAaviouR's age, not including the year of his 
birth, becauſe 'tis ſuppoſed he was born near the end of that year. 
But that it might not be ſaid I truſted to the mechanical performance 
of a machine, I computed all the Paſſover Full Moons (according to 
the precepts delivered in the following chapter) from Aſtronomical 
Tables, which begin not with the year of our SAv1ouR's birth, but 
the firſt year after it; and found, as a thing very remarkable, that 
the only Paſſover Full Moon which happened on a Friday in all that 
time, was in the 33d year of his age by the Tables, or fourth year ro 
A E his 
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his public miniſtry, nde has the forermentioned | remiarkabſe pro- 
hec 33 N . I 
/ 334 We thall ore fabjoin a Table of the true times of all ihe 
Conſunctions of the Sun and Moon (adapted to the Meridian of Je. 
rufalem) which preceded the Paſſover Full Moent, from A. D. 28 to 
A. D. 36 incluſive,” although it he more than double che number that 
there is occaſion to examine for our preſent” purpoſe.” Al theſe New 
Moons fell in Piſces and Aries, which Signs let at a greater angle with 
the Horizon in the weſt than any others, $ 243, & ſeq. ; and therefore, 
a few degrees of them take more time to go down. Now, the Moon 
moves ſomewhat more than 12 degrees from the Stn in 24 hours; 
and if two ſmall patches be put 12 degrees aſunder upon any two 
s of Piſces or Aries in the Ecliptic of a common Globe; and the 
Globe be rectified to the Latitude of Je alem, the moſt eaſterly 
patch repreſenting the Moon will be an hour later of ſetting 
than the other which repreſents the Sun: Conſequently, in that Lati- 
tude the Moon may be ſeen juſt ſetting about an hour after the Sun, 
when ſhe is not above 24 hours old. And 14 days added to the 
day of this gelt Enn after the Change, * the day of Full 
Moon. 


True time of Conjun&tion at Mio a Oi at Jewiſh Pull 
Jeruſalem. | Jeruſalem. Mon. 
D. H. M. D. r 
A. D. 28 Mar. 15 1 4 Morn. Mor, 16. Mar. 31, Widneſtoy. 
6 29 Apr. 2 7 3o Aſtern. April 3. Apr. 17, Sunday. 
30 Mor.22 8 45 Aftern. Mar. 23. Apr. 6, Thurſday. 
31 Mar. 12 1 51 Mom. Mar. 13. Mar. 27, Tueſday. 
32 Mar. 29 11 19 Aſtern. Mar. 3 1. Apr. 14, Monday. 
* 33 Mar. 19 1 12 Afﬀtern. Mar. 20. Apr. 3, Friday. 
34 Mar. 9 5 12 Morn. Mar. 10. Mar. 24, Wedneſday. 
35 Mar.28 6 20 Aſtern. Mar. 29. Apr. 12, Tueſday. 
36 Mar. 16 6 30 Aftern. Mar. 17. Mar. 3 1, Saturday. 


53. The above 33d year was the 4746th year of the Julian pe- 
riod, and the laſt year of the 202d Ghia +; which is the very 
year that Phlegon informs us an extraordinary Eclipſe of the Sun hap- 
pened. His words are, In the 4th year ff the 202d Olympiad there 


was the greateſt Wü of the Sun that ever was known ; it was night 


| d ses note 1 on $ 327. | 
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ar the fixth hony of the” day, fa that the Stars f | Heaven were ſeem 
This time of the day agrees exactly with the time: that the darkneſs 
began, according to Matthew, ch. xvii. ver. 25, Mart, ch. xv. ver. 33. 
and Lule, ch. xxiii. ver. 44. But whoever calculates, will find, that 
a total Eclipſe of the Sun could not. poſſibhy happen at Ferw/alem any 
time that year in the natural wg. 
All this (from 8 348 to 353 incluſive) ſeems ſufficient to aſcertain 
the true time of our SaviouR's birth and crucifixion to be according 
to our preſent computation; and to put an end to the. controverſy 
among Chronologers on that head. From hence likewiſe may be in- 
ferred the truth of the prophetic parts of Scripture, ſince they can 
ſtand ſo ſtrict a teſt as that of being examined on the principles of 
Aſtronomy. „rü 57 24 Ci 1246 I BAR t 
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The Calculation of New and Pull Moons + The geametrical 
Conſtruction of folar and lunar Eclipſes De examina- 
tion of antient Eclipſes. e 5. 4b 


354. 1 HE Tables annexed to this Chapter ſerve for theſe pur- 
poſes. They are calculated for the Old Style till the year 
1753, and to the New Style for that year, and all the years after, 
In computing by them, remember that 60 minutes make a degree, 
30 degrees a ſign, and 12 ſigns a circle; as 4 farthings make a — A caution 
12 pence a ſhilling, and 20 ſhillings a pound. So that they who can . 2 
add up pounds, ſhillings, and pence, may as eaſily add ſigns, degrees, be Tables. 
and minutes ; only with this caution, that when you exceed 12 figns | 
in adding, always reject them, and ſet down the remainder ; and if 
nothing remains ſet down 9. Or if in Subtraction the number of 
ſigns to be ſubtracted be greater than the number you ſubtract from, 
add 12 to it; and then you will have a remainder to ſet down, A 
fign is marked thus *, a degree thus , a minute thus, and a ſecond 


thus ”. | 
355. To find the time of any New or Full Moon. In Table I. en- To calculate 


the time of 


tituled, The Moons mean motion from the Sun, the mean Anomaly of wo: 


* 


the Sun and Moon, &c. look under the title Current years of Chri/t, for Full Moon, 
| Cc e the 


— 
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the. propoſed year in which you want the time df New or Full Moon; 


and if you find it there, take it out, with the mean motions and ano- 
malies belonging to it; and call it the Radical year: take out alfo the 
given month from the firff Table continued for years and months ; with 
its mean motions. and anomalies. But if you cannot find the pro- 
poſed year, take out the next leſſer one to it, with its mean motions 
and anomalies, and call this the Radical year; to which join as many 
from under the title Years compleat, with their mean motions and ano- 
malies, as will make up the number of the propoſed year, to which 
alſo join the given month with its motions and anomalies. Add the 
mean motions together, then ſubtract their ſum from 12 Signs, and 
note down the remainder ariſing from this ſubtraction; to which 
remainder add 6 Signs, if you want the time of Full Moon, otherwiſe 
not. Then, in the ſame Table continued for the days of the months, 
look in the mean motions for Days for the neareſt leſſer numbers to 
this remainder (with or without the addition of 6 Signs, as it 1s the 


- New or Full Moon you want) and right againſt theſe leſſer numbers 


you have the day of that New. or Full Moon; to which day, in the 


ſame Table, take out the anomalies of the Sun and Moon, and ſet 


them under the foreſaid anomalies. Subtract theſe leſſer numbers or 
mean. motions for days from the above remainder, and look for their 
remainder, or the next leſſer numbers thereto, among the mean mo- 
tions for Hours, in the fame Table continued for hours and minutes; and 
right againſt it you have the hour of that New or Full Moon; to 
which hour take out the anomalies, and ſet them under the others. 
Laſtly, ſubtract theſe mean motions for hours from the laſt remain- 
der, and look for its remainder, or the neareſt lefler numbers thereto, 
under the ſame Hours and Minutes; and right againſt it you have the 
minutes of New or Full Moon; to which minutes take out the ano- 
malies, and join them to the former: and remember, that when you 
make the numbers under hours and minutes to ſtand for hours, their 
mean motions and anomalies are degrees and minutes ; but when 


any of the ſame numbers are taken for minutes, their mean motions 
and anomalies. are minutes and feconds ; and when the ſeconds ex- 


ceed 30, call them a minute; but when they are under 30 neglect 
them. 


3356. Collect the days, hours, and minutes, of New or Full Moon 


into one line, and the anomalies of the Sun and Moon into two ſepa- 
rate ſums, rejecting Cireles of Signs, as above directed, F 354. Then, 
with the Signs and Degrees of the Sun's anomaly, enter Table II. 


(The annual Equation of the Moon, ) and take out the minutes of time; 
* | of. 


of that Equation, by means of the ſaid anomaly; remembring, that 
if the Signs are found at the head of the Table, the Degrees be- 
longing to the Signs are in the left-hand column; but if the Signs 
are at the Foot of the Table, their Column of Degrees is at the right- 
hand, in the former caſe, the Equation (in the Angle where the 
Signs and Degrees meet in the Table) is to be ſubtracted from the 
mean time of New or Full Moon before found; but in the latter 


= =... 


former corrected time, if the Signs of Anomaly be at the head of the 
Table ; but ſubtracting it, if they be at the foot, as the titles direct ; 
and this Addition or Subtraction gives the mean time equated. Laſtly, 
with the Sun's Anomaly enter Table IV. (The Sun's Equation at New 
and Full Moon) in the fame manner as the others ; and take out the 
Sun's Equation, adding it to, or ſubtracting it from, the former 
equated time, as the titles at the foot or head of the Table direct; 
and by this laſt Equation you have the true time of the propoſed 
New or Full Moon, agreeing to a well-going clock or watch : which 
time is always right in common years; but in leap-years, after Fe- 
bruary, it is a day too late; for which reaſon. a day muſt be taken 
from it. N. B. In taking out the Equations, make proper allowance 
for the odd minutes of Anomaly, as in the following Examples. 


| EX AMF UN 1 
Required the Time of New Moon in April, 1764. 


. 75 


| Moon's mean » , 
The Times taken cut — from n 3 
the Sun. - Ye 
| — — e o / 4 ” 
Radical year 1761 — — 9 20 45 0 1; 12 af 
Compleat years 3 — — o 28 5211 29 148 26 10 
April — 0 17 10] 2 28 42 3 5 57 | 
N | 59 13 4] An, for 1 Day 
The ſum of the mean motions is — 1 2&7 52 11 25] An. for 21 Ho. 
Which, being ſubtraRed from —— „ 2 24 An. for 45 M. 
Leaves in remainder — — 23 21 T5 =_ 9 23 Mean Anon. 
Next leſs number or motion of 1 Day ſubtract , E * rr 
— co: | | H. M. 
And there remains — | 11 2] Moon's annual Equation 0 21 IH 
Next leſs numb. or motion of 21 Hours ſubtract 10 40; Moon's ne Enuates A I 5 þ — 
i | — | Sun's Equation 3 32 Add, 
Remains the motion of 45 Minutes 22 


| ; 


D 


1 
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to the Bxam- So the mean time of Conjunction, or New Moon is April 

ple on the To whi N , pe 
foregoing o which add the Moon's annual Equation — 
Page. | And it gives the mean time corrected ä 
From which ſubtract the Moon's elliptic Equation 


And it gives the mean time equated „ 
ro which add the Sun's Equation 


And it gives the true time of Compaction, April — 


— 


Which is the ſecond day of April, at 10 hours 15 minutes in the 
forenoon; for the Tables always begin the day at noon, and reckon 
from thence to the noon of the following day: But this Example be- 
ing for a leap- year after February, a day muſt be deducted, as above- 
mentioned. So the true time is April the 1ſt day, at 15 minutes paſt 
10 in the forenoon, agreeing with clocks and watches; but to have 
the true time by a Sun- dial the Equation for natural days muſt be 


applied, as already taught, F 219. 
E X AMP L E II. 
Required the Time of Full Moon in April 1764. 


8 8 „„ 
— 1 _—_ * 4 


Moon's mean | Sun's mean Moon's mean 
The Times taken out, motion fr. Sun. | — Anomaly. | 
— — _ 5 3 1 . 
| | — — N 
Radical year 1761 — * g 20: 45] 1 3370. 12 28 | 
Compleat years 3 — — © 28 52 11 29 14 16 10 
April — — 10 1 421 3 3 | | f 
ä | is 46} 6 29 An, for 16 Days, 
| The ſum of the mean motions is — 8 47 39 8 43 | An. for 16 Ho. 
Which, being ſubtrafted from —— 8 0 2 An. for 4 Min. 
Leaves in remainder — — o 23 13] 9 15 $54.5 22 16, Mean Anomaly. | 
| To which add 6 Signs 0 0 | — 
And it makes for the oppoſition — 6 23 13 H. M. 
Next leſs number for 16 days, ſubtract 6 15 3|[Moon's annual Equation © 21 Add. 
} —— | Moon's elliptic Equation 1 9 Add. 
And there remains — 8 10 Sun's Equation 3 22 Add. 
Next lefs number for 16 hours ſubtract 5 
| — hi Sum is — — 4 52 to be added. 
Remains the motion of 4 minutes 5 
4 ; 
So 
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57. To calculate the time of New or Full Moon for any given year 
and month. before the Chriſtian Ara. From Table I. under the title 
Current years of Chriſt, take out the mean motions and anomalies be- 
longing to the firſt year; and from theſe ſubtract the mean motions 
=D anomalies of as many compleat years, taken from the ſame Table, 
as: will bring in or exceed (no matter how much in reaſon) the num- 
ber of years intended for the time of computation; and note down 
the remainder for a Radix. Then ſubtract the intended number of 
years leſſened by one *, from this higher number vrhich exceeds it; 
and note the remaining years, of which add the mean motions and 
anomalies, together with thoſe of the given month to-the Radix; and 


then work in every reſpect for New or Full Moon as in the two fore- 


oing Examples; concerning which we need not repeat the precepts ; 
put ſhall give an Example or two, agreeable to this precept and them, 
to make it the plainer. | y 


* Becauſe the firſt current year in the Table is not the year of CHRIS! birth, but 
the year next after it. | 


EXAMPLE 


5 „ e 
So the mean time of Full Moon is, A | — 116 16 4 
To which add the ſum of the three Equations, being all additive — 4 52 
0 | y | . agg x Tf: 9 B. 61h. ( 2 JI — = SL . 
And it gives the true time of oppofition, reckoning from noon, April [16 20 5 
Or the a7th day; at 5 hoars 56 irinutes; in the forenoan : But being in leap-year after 
February, a day muſt be deducted, as in the firſt Example. ; 
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EXAMPLE I. 
Required the Time of New Moon in March, the year before Cbriſ 424. 


From 5oo years ſubtract 423, and there remains 77. 


£ . ©, | Moon's mean | Sun's mean | Moon's mean | 
The Times taken out. motion fr. Sun.] Anomaly, Anomaly. 


Kar Add all the Ano- 


From the mean motions and anomalies of the — | malies together, 
19 $54 below this under 


ear of Cnn1sT, 1 — 2156 24 10 6 29 $46 b 
| Subtract thoſe of 500 years 3 $5 3011 285 2 3 16 line. g 
Remains the Radix 1 —13 18 8 5 1 1 0 | 
; . | 0 4 1 10 161 29 24] 3 29 15 
To which add thoſe of 15 years i 3 2 2 2 364 0 3c; 
And thoſe belonging to Marc 29, i  yQYy io} 
| | j—————{ . 8 52] 3 27 35] An. for 9g Days 
whe foes is + 1 „„ 47 10 210 An. for 19 Hou. 
Which, being ſubtracted from | 0 8 I 9| An. for 16 Min. 
{The remainder is — — —1 3 29 2719 140 15 14 ö 77 
| Next leſs number for 9g days ſubtract „ | 
: | Moon's annual Equation o 21 Add. | 
And there remains — 9 144 [Moon's elliptic Equation 2 29 Subtra& 
Next leſs number for 19 hours ſubtract | 9 39|Sun's Equation 3 26 Add. 
Remains the motion of 10 minutes | G | 
| 0 B. H. M. 
So the mean time of New Moon in March, the 424th year before CHRIS, is m— 9 19 10 
{To which add the Moon's annual Equation 2 By 
| And it gives the mean time corrected — — 9 19 31 
From which corrected time ſubtract the Moon's elliptic Equation — 1 
And the remainder is the correct time equated — — 19 17 3 
To which equated time add the Sun's Equation — —ä— —— 3 26 
And it gives the true time of Conjunction, or New Moon, in March — — | 9 20 29 
| Which, reckoning from the noon of the gth day, is the 1oth day, at 8 hours 29 minutes in the morning, 
” ind is the true time without any deduction, for that year was not a leap year, but was the firſt year after. 


358. To know whether any given year before CyR1sT be a leap- 
year, ſubtract one from the number of the given year, and divide 
the remaining years by 4; if nothing remains after this diviſion, 
then the given year was a leap-year ; but if 3, 2, or 1 remain, it 
was the firſt, ſecond, or third year after. Which is reckoning con- 
trary to the way for finding leap-years, or others after them ſince 

| | 1 5 CHRIST, 


Mew and Full . 


201 
CukISr, becauſe in the former caſe we count forward, in the latter « 
backward. Our Saviour was born in a leap-year, and therefore 
every fourth, both before and after, is a leap- year; but as the Tables 
begin with the year next after his birth, one year muſt be ſübtracted 
from all the years before it; for tis plain, that the fourth year before 
the birth of Erker, was the fifth before the firſt year after it. 
E XA M p 1. E U. 
Rape the Time of Full Moon in March, the year before Gr 731. 
From 1000 years ſubtract 720, and there remains 280. | 
t | | Moon's mean } Sun's. mean Moon'emean h 15 
The Times taken out. motion fr. Sun Anomaly, Anomaly, 
— ä rn 1 Add all the Ano- 
From the mean motions and anomalies of theÄwĩ„ç„b | — —— — | malies together, 
year of CarisT, 1 — 2 —| 6 24 10] 6 29 54] 6 19 54 below this under 
Subtract thoſe of 1000 years —— 6 11 111: 20 3| 6 16 32 lune. 
Remains the radical numbers — — 13 "of 7 9 $370 '$© ud e 
* 8 414 1/11 2 111 18 
Tro which add thoſe of years 17 Ne 4011 29 12| f 4 55 
And thoſe for the begining of March 11 29 ic] :1 23 of: 4-26; £6 
| 7 $53] 3 14 31 An. for 8 Days 
The ſum is — — — 1 2 20 17 10 2 11 An. for 4 Hou. 
Which, ſubtract from a Circle, or ——— 120 of _ I 10 An. for 18 Min. 
And there remains | — 9 9 43] 9 13 19111 27 17 Mean Anomaly. 
To which (for the Full Moon) add 6: "W540 Y 
And it makes for that time, _ —| 3 9 43] Moon's annual Equation o 21 Add. 
Next leſs number for 8 days ſubtract 3 7. 32] Moon's elliptic Equation o 2 Subtract 
The Remainder is — — 2 11 a 3 25 Add. 
Next leſs number for 4 hours ſubtract ann 
Remains the motion of 18 minutes 9 


And it gives the mean time corrected 


And the remainder is the correct time equated 
To which equated time add the Sun's Equation 


From which corrected time ſubtract the Moon's elliptic Equation 


So the mean time of Full Moon in March, the 72 iſt year before CAST, is 
To which add the Moon's annual Equation ] 


And it gives the true time of Full Moon, the 8th day, at 7 hours, 36 min; in the evening 


— 
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359. Fheſe tour Examples, with the, Precepys, $354, 355» 386, 
357» a Pen to new the method, of, computing the times of 
ſew, and, Full, Moons by, the following Tables, which take in the 
three principal Equations: vig. the, Moon's annual Equation, ; her 
elliptical Equation in the Syzygies; and the Equation of the Sun's 
motion. By hel luce, the Tables, came near, enough. the truth. for 
ordinary purpoſes. "The other Equations of the Moon are but ſmall; 
and very often what one adds another ſubtra&ts; by which means 
they balance one another ſo nearly, that unleſs great preciſion is re- 
quired they may be omitted. From theſe, Tables we ſhall. compute 
an Eclipſe of the Sun, and one of the Moon, and ſhew the geome- 
nee 
accuracy of the Tables in theſe inſtances may be determined by ob- 
ſervation. | 
360. The greater. part of theſe Tables are. taken. from thoſe of 
Dr. HaLLEy, Mr. FLawysTEeD, and other good authorities. The 
11th, 12th, 13th, and 14th, I have computed ; beginning the year 
always with March, to avoid ſome inconveniency ariſing from the 
Biſſextile day in leap-yeax in moſt other Tables: and have converted; 
Dr. HaLLEy's three aboye-mentioned Equation Tables from motion. 
into time ; which both facilitates and ſhortens. the method of com- 
puting by, them. | | 


Precepfs for-the 10th, 11th, 12th, and 13th Tables. 


To ealculate * JG1. For any propoſed year in the 17th century, take the mean 
the time of time of New, Moon, in, March from Table XI. or the mean time of 
Moon in a Full Mcon from Table XII. with the anomalies of the Sun and Moon 
very ſhort for theſe times; and ſet them by themſelves. Then from Table XIII. 
* take as many Lunations, with the days, hours, and minutes, belonging 
to them, as the number of the month for which you, want the New 
or. Full. Moon is after March; and take out alſo the anomalies of the 
Sun and Moon for, theſe Lunations, | 
Add the days, hours, and minutes, for theſe Lunations, to the 
time of New or Full Moon in March, and the anomalies of the for- 
mer to.thoſe of the latter: ſo ſhall you have the hours and minutes 
of the propoſed New or Full Moon in the given month; and like- 
*wiſe the mean. anomaly of the Sun and Moon for that time. 
Then, with the number of 8 enter the XIVth Table, under 
the given month; and right againſt it, under Days, in the left-hand 
_—_ | column, 


WVew 2 Full Moons. 


column, you have the day of New or Full Moon; which ſet before 
the hours and minutes above fouhd. 

But (as * will ſometimes happen) if the number of days fall ſhort 
of thoſe under the given month in the 14th Table, add 1 Lunation 
to them from Table XIII. and its anomales-for-the-Sun- and Moon 
to the forefiid anomalies ; ſo you have a new ſum of days where- 
with to enter the 13th Table, under the given month (where 11 
are ſure to, find that ſum the ſecond time, if the firſt bold not) 8 
right againſt it in the left-hand column, you have the day of 1 re- 
Pe New or Full Moon. 

Add the anomalies for the Moon into one ſum; and. thoſe for the 
Sun into another, as already taught, F 356, and with them enter the 
ſame Equation Tables as that Precept directs ; and by applying the 
Equations in the ſame manner to the mean time of New or Full 
Moon, the true time is found. 


.Þ-X A MPLE I. 
Required the Time of New Moon in Wi 1 76 3 


— ENTETAE firs ny arty 1944 Of DS HIER 1 TY IIe 


7 'E| Sun 745977 Ma Ino: ö 
* 8. 

85 

1 


| 
F — 

0 / * 'F 
11 [ i$. (9 #.4 


From Tab. XI.] Mean time of New moss in 


* * 


March, A. D. 1761, is 4 17 47 5 29 | 2 1s 19 
From Tab. Alti! Add, for two Lunations [539 1 28 28 13] 1 21 38 


| The ſum of days, Sc. and anomalies, is 64 19 15 10 1 4 | 4 9 57 


Which ſam of days in Tab. XIV. dnfwers to May 3| 3 19 15 7M 
To which time add the Moon's annual Equation | 18 


= * 


35] H. M. 


And it gives the mean time corretted 3-19 
To which add the Moon's elliptic Equation | 6 36] Moon's an. Eq. o 18 Add | 
——| Moon's ell. Eq. 6 36 Add] 
| And it gives the correct time equated 4 2 93sSun's Equation 2 55 Add 
To which laſt add the Sun's Equation 2 55 


- — " 1 2 
— — — — 


And it gives the true time of Conjunction, May | 4* 5* 4 


In the Afternoon. | 
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| 
| 
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EXAMPLE II. 
Required the Time of Full Moon in May 1761. 


| | i 1 "£4463 6x po : þ 8 1 1 S Sun's Anom, Moon“ Ano. 
{From Tab. XII j The mean time of Full Full-in |__| .. 
1 March, A. D. 1761, is c -21.0.-.7 .13 
From Tab. XIII.] Add, for two Lunations 7 1: a0 [i0f{0 22 of 
* ; —_w —— — ____w 


And the ſum of days, ho. min. and anomalies, is 79 13 37110. 18 1510 22 51 


JWhich ſum of days, in Tab. XIV. anſw. to May 18. [18 13 37 


To which add the Moon's annual Equation 14 

And it gives the mean time corrected — 118 13 5 H. M. 
{From which ſubtract her elliptic Equation p 5 46 Moon's an. Eq. o 14 Add 
| ————-— | Moon's ell. Eq. 5 46 Sub 
And it gives the mean time equated 118 8 5]Sun's Equation 2 19 Add 
To which add the Sun's Equation 2 19 8 


| 


And it gives the true time of Oppoſition, May | 184 10) 24 At Night. 


Theſe two Examples are ſufficient to ſhew the method of com- 
puting the times of New and Full Moons by. the 11th, 12th, 13th, 
and 14th Tables; which, by beginning the year with March, take 
off the inconvenience ariſing from the Biſſextile day in leap- year; 
and is an advantage which no other Tables have that I know of 

The Sun's mean place and diſtance from the Node, is found the 
ſame way as his anomaly or the Moon's, for the time of any Con- 
junction or Oppoſition ; as we ſhall have occaſion to ſhew by and by. 

362. We come now to the arduous: taſk of calculating Eclipſes of the 
Sun and Moon: for which the firſt requiſite is, To know in what months 
the .Eclipſes muſt happen; and they are the months in which the Sun 
paſſes by the Moon's Nodes, F 311. > 

As the Nodes move but about 19 degrees, or two thirds of a 
Sign backwards in a year, we may for this Problem, conſider them 


as at reſt, and only find in what oppoſite points of the Ecliptic they 


are, at the beginning of the year; and from thence ſet them (as it 
were) 9 degrees farther backward ; ſo we ſhall have their places for 


about the middle time of the year; and conſequently the neareſt mean 


To find in 
what months 
Felipſes muſt 


happen. 


ſtate for the whole. 
From Table I. take out the place of the Node for the beginning 
of the current year of CuRIST, the ſame way as already taught, 


§ 355, for taking out the anomaly of the Sun or Moon; and if the 
I deſired 


on 9 
| Wy 4 


of Echpſes. \ 


deſired year be found among the current years, you have the place 
of the Node directly. But if it be not, take out the Node's retro- 


grade motion for as many compleat years as will make up the deſired 


year, and ſubtract the ſum of its motions for theſe compleat years, from 
its place at the beginning of the current or neareſt radical year; and the 
remainder will be the Place or Longitude of the [Aſcending] Node, 
| reckoned according to the order of Signs, from. the beginning of 
Aries: from which Place or Longitude of the Node, ſubtract ꝙ de- 
grees, and you will have its place for about the middle of the year. 


hs EXAMPLE. 
Required the Place of the Node, and Eclipſe Months in the year 1764. 


8 0 


Place of the Node at the beginning of the year 1761 2 7 29 
Its retrograde motion for three compleat years, ſubtract 1 27: 359 
Remains its Place at the beginning of the year 1764 8 36 
From which ſubtract g degrees - * - 8 


And we have its Place about the middle ue, via, 0 o 38 


So the Aſcending Node is in o Signs, o Degrees, 30 Minutes, and 
the Deſcending Node being oppoſite to it, muſt be in 6 Signs, o De- 
grees, 30 Minutes; and when the Sun is in thoſe parts of the Ecliptic, 
namely, about the beginning of Aries and Libra, he paſſes by the Nodes; 
therefore, the New and Full Moons which happen about theſe times of 

the year, within the proper limits of Eclipſes, F 311, produce them. 


363. As we arbitrarily fix upon the beginning of Aries to reckon How theSigns 
from, when we ſpeak of the places of the Sun, Moon, and Nodes; e *<c*oned.. | 


we call Aries o Signs, Taurus 1 Sign, Gemini 2 Signs, Cancer 3 Signs, 
Sc. So, when the Sun is in the 1oth degree of Aries, we ſay, his 
Place or Longitude is o Signs 10 Degrees; if he is in the 5th, 1oth, 
I 5th, or any other degree of Taurus, we ſay his Longitude is 1 Sign, 
5, 10, 15, &c. Degrees, and ſo on. But, in reckoning the Anoma- 
lies of the Sun and Moon, or their diſtance from the Nodes, we only 
conſider the number of Signs and Degrees from the Apogee, or Nodes, 
without regarding what places of the Eciipt.c theſe points are in. 
Now, as the Nodes are found to be in o Signs, o Degrees, 30 
Minutes, and 6 Signs, o Degrees, 30 Minutes, that is, in the begin- 
ning 
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ning of Aries and Libra; when the Sun is about theſe points, which 
is Bart the 20th of March, and 23d of September (fee the Tables 
Page 114 & 115.) he is in or near the Nodes, conſidering them as 
at reſt : and therefore we are to look for Eclipſes about the New and 
Full Moons, which happen neareſt theſe times of the year. And as 
there is a very eaſy method of finding how far the Sun is from either 
Node, at any New or Full Moon, we can eaſily tell whether there 
will be an Eclipſe or not ; fince the proper limits are known. We 
ſhall now make a trial for ſome of the New and Full Moons already 
computed. | 

364. To the time of New or Full Moon, take out the Sun's diſ- 
tance from the Node in the Tables, the very ſame way as already 
taught to take out the Anomalies of the Sun and Moon, and by add- 
ing their numbers together in the ſame manner, you have the Sun's 
diſtance from the Aſcending Node at the time required. Here note, 
That it is always the Aſcending Node which is meant, and the diſ- 
tance the Sun or Moon has gone from it ; not how far they have to 
go to it, in coming round, if the ſpace were ever ſo little. 


EXAMPLE 1. 


Required the Sun's diſtance from the Node the 4th of May, at noon, 1761, 
being the day of New Moon. (See the Example on Page 203.) 


Tab. I] Sun's diſtance from the Node the beginning = 

the year 1761 — = - - ”: 8 88 
To which add his diſtance for the beginning of May 4 4 38 
And that for 4 days, to have it for the 4th of May 5 
The Sum is, for the given time — - 1 40 


By which we ſee, that the Sun has gone 11 Signs, 11 Degrees, 
40 Minutes, from the Aſcending Node, which ſubtracted from a 
whole Circle, or 12 Signs, ſhews that he is 19 Degrees, 20 Minutes, 
ſhort of the fame Node in coming round to it again : which being 
without the limits of a ſolar Eclipſe, viz. 18 Degrees from either 
Node, there can be no Eclipſe of the Sun at that time, F 311. 

Or we may have his diſtance from the Node to the mean time of 


New Moon from Tab, XI. and XIII, thus : 


Sun's 


F 
* | 
E | Þ 
: 84 

119 

J 

* 9 

3 2] 

1 


of Eclipfes 


Sun's diſtance from the Node at mean New Moon i in * iP nl 
March 1761, from Tab. XI. = = 9 10 9 
To which add 4 diſtance for 2 Lunations from Tab, XIII. 1 20 


The Sum is his diſtance from the Node at the mean time 
of New Moon in May, viz. „ n,, AN 
EXAMPLE I. 


To find the Sun's diſtance fm the Node on the 18th.of May, at Noon, 
A. D. 1761, being the. 4 of a Full Moon. (See the e on 
Page 209.) 


Tab. I.] Sun's diſtance FO the Node at the beginning „ 


of A. D. 1761 - 7: * N 
To which add his diſtance 98 it at the beginning -of May 4 4 1 
And for 18 days, to have it to the given time 18 41 


The Sum is - „ 5 ih 


Which is the diſtance the Sun has gone from the Aſcending Node, 
and ſhews that he is only 3* 48“ ſhort of coming round to it again: 
conſequently the Full Moon is as near the oppoſite, Node, and there- 
fore ſhe is within the limit of being eclipſed at that time, $.311:- 


EXAMPLE III. 


To er the Sun's diſtance from the Node April the 2, 1764, at 10 
ours G minutes in the forenoon ; being the true time of Conjunction of- 
the Sun and Moon. (See Exam. I. under & 256.) 


Tab. U ] Sun's diſtance from the Node at the beginning Mig Be 
of A. D. 1701. - = Pc 4. $3 
To which add his diſtance from it for 3 compleat years \. 3 27 16 
The beginning of April - - . 
The firſt day - - - — 1 
22 hours, neglecting the minutes - 0 © 57 
The Sum is - „ 6. 36 


Which being within the limit of a ſolar Eclipſe, a that the Sun 


will be eclipſed at that time, Y 311. 
I | Or, 
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Or, the Sun's diſtance from the Node may be had to the mean time 
of New Moon from the 11th and 13th Tables, thus: _ 


Tab. XI.] Sun's diſtance from the Node at the time of * *_ .' 
New Moon in March 1764 pc'm = — . 
To which add his diſtance from it for 1 Lunation, Tab. XIII. 1 o 40 


The Sum is 895 8 


Which being only a minute more than as ſhewn by the firſt Ta- 
ble, is ſufficiently exact for the preſent purpoſe. | 
Elements for 365. In order to project this Eclipſe of the Sun, which will be on 
the Conſtruc- the firſt of April 1764 (the leap-year making it a day ſooner than as 
Eclipſe given by the Tables, & 3 56.) or any other ſolar Eclipſe, the following 
Elements muſt be had by the Tables, viz. 1. The true time of Con- 
junction of the Sun and Moon: and for that time, 2. The Moon's 
horizontal Parallax, or Semidiameter of the Earth's Diſc, as ſeen from 
the Moon: 3. The Sun's diſtance from the ſolſtitial Colure to which 
he is then neareſt, either in coming to it, or going from it: 4. The 
Sun's Declination : 5. The angle of. the Moon's viſible path with the 
Ecliptic : 6. The Moon's Latitude or Declination from the Ecliptic : 
7. The Moon's true hourly motion from the Sun : 8. The Sun's Se- 
midiameter as ſeen from the Earth: 9. The Moon's Semidiameter, 
as ſeen from the Earth : 10. The Semidiameter of the Penumbra. 
Firſt Element. 366. To find the firſt Element, or true time of Conjunction of the Sun 
and Moon, we have given Examples already; and now have only to 
add, that for every degree the place for which you calculate is eaſt- 
ward of the Meridian of Londen (for which the Tables are made) 
let four minutes of time be added to the time found by the Tables: 
or for every degree your place is weſtward of the ſaid Meridian, let 
four minutes be ſubtracted: and this will give the time at the place 
for which you are to conſtruct the Eclipſe. 
Second Ele- 367. To find the ſecond Element, or Semidiameter of the Earth's Diſc 
_ as feen from the Moon; enter the eighth Table, with the Signs and 
Degrees of the Moon's anomaly, and thereby take out her horizontal 
Parallax, or Angle of the Earth's Semi-Diſc, F 179; only note, that 
this is given in the Table but to every ſixth Degree of Anomaly, be- 
cauſe it is eaſy to make proper allowance by fight, So the Moon's 
horizontal Parallax anſwering to her mean Anomaly 11 Signs, 9 De- 
grees, 23 Minutes, (already found under 5 356, is 54 Minutes, 26 Se- 
conds. „ | | 
| 308, 


V Eclipſes. 


368. Fur the third Element, or Sun's diſtance from the neareſt Solftice, Third Ele- 
we are to conſider, that the beginning of Aries, and of Libra, which are ment. 


the two equinoctial points, are equidiſtant from both the ſolſtitial points, 
which are the beginnings of Cancer and Capricorn; and the Sun in 
the preſent caſe being in 12 Degrees 17 Minutes of Aries, he is neareſt 
to the beginning of Cancer, which being go Degrees from Aries, ſub- 
tract 12 Degrees 17 Minutes from go Degrees, and there remains 77 
Degrees 43 Minutes, which is the Sun's diſtance from the neareſt Sol- 
ſtitial point. 


369. For the fourth Element, or Sun's Declination, enter the ninth Fourth Ele- 
Table with the Signs and Degrees of the Sun's place, and take out his ment. 


Declination anſwering thereto. If the Signs be at the head of — | 
Table, the ＋* are at the left-hand ; but if the Signs are at the foot 
of the Table, the Degrees are at the right-hand. So the Sun's Declination 
anſwering to his true place, o Signs 12 Degrees 17 Minutes, is 4 
Degrees 52 Minutes 50 Seconds; making proportions for the 17 
Minutes. The method of finding the Sun's place is ſhewn in 8371. 


370. For the fifth Element, or Angle of the Moon's viſible path with Fifth Ele- 
the Ecliptic, we may ſtate it at 5 Degrees 38 Minutes, without any went. 


ſenſible error in theſe ſort of projections; as it is never above 8 Mi- 
nutes more or leſs. | 


J 
ha 
time of New Moon. Therefore, from Table I. take out the mean 
place of the Sun and Node, and likewiſe the Sun's mean Anomaly 
for that time, as taught in & 355, for taking out the times of New 
and Full Moon; only with this difference, 4 in leap- years after Fe- 
bruary the Sun's place muſt not be taken out for the given day, but 
for the next day after; and ſo muſt the place of the Node. Then, 
with the Sun's Anomaly, enter Table V. and take out the Sun's Equa- 
tion anſwering to that Anomaly, adding it to his mean place if the 
Signs of Anomaly be at the foot of the Table, in which caſe the 
Degrees are at the left-hand ; otherwiſe ſubtracting the Equation, gives 
the Sun's true place. | 
Take out the mean place of the Node for that time, in the ſame 
manner, ſave only that becauſe the Node moves backward, you muſt 
ſubtract the ſum of its mean motions for compleat years, months, 
days, &c. from its mean Place or Longitude for the Radical year, and 
the remainder will be its mean place for the given time ; and near 
enough if taken for the neareſt hour, neglecting the odd minutes if- 


they be under 3o, becauſe the Node moves but flowly. Then ſub- 
| Ee < tract 


371. For the fixth Element, or true Latitude of the Moon, we mult Sixth Ele- 
ve the true place of the Sun, and of the Aſcending Node, at the went. 
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tract the mean place of the Node from the true place of the Sun, the 
remainder is the Sun's corrected diſtance from the Node, with the 
Signs and Degrees of which, enter the 6th Table, and take out the 
Equation of the Node in Eclipſes, adding it to, or ſubtracting it from 
the mean place of the Node, as the titles at the head or foot of the 


Table direct; and you have — place of the Node for that time. 


EXAMPLE. | 
To find the Sun's true place for the firſt day of April, A. D. 1764, at 


io Hours, 15 Minutes, in the Forenoon. 


Tab. I.] To the Sun's mean Longitude } Sun's Long. |Sun's Anom. 

from Aries, and his Anomaly, at the be „ „ 
ginning of the year 1761. 9 10 2166 1 30 
= [Three compleat years - ) 20... 14 
* TO - — - = „ 2 42 
E 54 The firſt day at non „„ & 8 0 
2 E — - ' -.- - VVV 
Z (15 minutes — 33% 9. 0... 
Sun's mean Place and Anomaly V 
To which add his Equat. from Tab. V. 1 | 
That 1s, 12* 

And it gives his true Place - — o 12 17117 of P 


| To find the place of the Aſcending Node for the above time. 
Tab. I.] From the mean Longitude of the Node at the * Þ» *” 


beginning of the year 1761 - <—- - 2 7 29 
Three compleat years - oe | 
Subtract the Sum ) April - - - - J = 
of its motions for) The firſt day - - - 3 
22 hours, neglecting the minutes 3 

Which is 4 - » - w - - „„ 
And there remains its mean place for the given time 8 


Which is Aries 4 Degrees 38 Minutes. Now for its true place: 


* Which anſwers to the ſecond day, at 10 in the morning, and muſt be ſo taken out 
on account of the leap-year. 


From 


Eclipſes. 


From the true place of the unn V 
Subtract the mean place of the Node — 8 4 38 
And there remains the corrected diſtance of the Node 9 

from the Sun — — 5 1 g Z 39 


With which laſt take out the Nodes Equa. from Tab. VI. o. o 25 
Whichbeingadditive, joined to the mean place of the Node o 4 38 


Gives its true place „ - - * 


So the true place of the Sun, which alſo is the Moon's true place, 
being at the time of Conjunction, is Aries 12 Degrees, 17 Minutes, 
and the true place of the Node is Aries 5 Degrees, 3 Minutes, for the 
firſt of April 1764, at 22 Hours 15 Minutes; which is the ſecond 
Day, at 15 Minutes paſt 10 in the forenoon: but this being in leap- 
year after February, a Day muſt be deducted, becauſe always in ſuch 
caſes the Tables give the Change or Full one Day too late, as already 
mentioned, & 356. | 

Subtract the true place of the Node from the true place of the 
Moon (which is the fame as the Sun's true place at the time of New 
Moon, and oppoſite thereto at the time of Full Moon) and with the 
remainder, which is called the Argument of Latitude, take out the 
Moon's Latitude from Table VII. minding, that if the Argument of 
Latitude is o Signs with Degrees, the Moon's Latitude is North A. 
cending ; that is, the Moon is above the Ecliptic going northward 
from it : if the Argument of Latitude be 6 Signs with Degrees, the 
Moon's Latitude is South Deſcending ; that is, the Moon is below the 
Ecliptic going ſouthward from it : if the Argument of Latitude be 5 
Signs with Degrees, the Moon's Latitude is North Deſcending ; that 
is, ſhe is above the Ecliptic but going towards it : Laſtly, if the Ar- 

ument of Latitude be 11 Signs with Degrees, the Moon's Latitude is 
South Aſcending ; that is, ſhe is ſouth of the Ecliptic but going towards 
it. All which are denoted by the letters NA and $D at the head of 
the Table, and by ND and SA at the foot of it. When the Signs 
of the Argument of Latitude are o or 6, the Degrees belonging to 
them are at the left-hand of the Table : and at the right-hand Han 
the Signs are 5 or 11. 
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. EXAMPLE. | 9 
To find the Moon's Latitude at the above time. 


$ 0 7 


From the Moon's true place (the ſame here as the Sun's) o 12 17 
Subtract the true place of the Aſcending Node 44:55 


Remains the Argument of Latitude - „ „ 6 


Which, in the 7th Table, making proportions for the 14 Minutes, 
gives the Moon's true Latitude in this Eclipſe, 37 Minutes 57 Se- 
conds, North Aſcending : had the ſaid Argument been only o Signs, 
7 Degrees, her Latitude had been but 36 Minutes 39 Seconds. 

372. For the ſeventh Element, or Moon's true hourly motion from the 
Sun, from the 8th Table take out the Moon's true hourly motion by 
her Anomaly, and the Sun's true hourly motion by his Anomaly ; 
then ſubtract the Sun's hourly motion from the Moon's, and the re- 
mainder will be the Moon's true hourly motion from the Sun ; which, 
in the preſent caſe, is 27 Minutes 16 Seconds. 

373. For the eighth and ninth Elements, or Semidiameters of the Sun 
and Moon as feen from the Earth, enter the 8th Table, with the Sun's 
Anomaly, and thereby take out his Semidiameter, which, in the pre- 
ſent caſe, is 16 Minutes 6 Seconds ; then, with the Moon's Anomaly, 
take out her Semidiameter in the ſame manner, which is 14 Minutes 
48 Seconds. | 

374. For the tenth or laſt Element, viz. the Semidiameter of the Pe- 
numbra, add the Sun's Semidiameter 16 Minutes 6 Seconds, to the 
Moon's Semidiameter 14 Minutes 48 Seconds, the Sum is the Semi- 
diameter of the Penumbra 30 Minutes 54 Seconds. 

375. Now collect theſe Elements under the Eye, that they may be 
readily found in order, as they are wanted for the projection. 


M. $. 


I. The true time of Conj. in April 1764 (Page 198.) 1 10 15 „ 
Equation of Time (Page 116) ſubtract * 3 28 


Remains the apparent time, as ſhewn by a Sun-dial 1 10 11 32 


The time ſhewn by a well regulated clock on that day is 12 Hours, 3 Minutes, 
28 Seconds (or 3 Minutes, 28 Seconds paſt noon) when it is noon by a true Sun- 


II. 


dial: ſo that the clock is then 3 Minutes, 28 Seconds, before the Sun. 
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II. The Moon's horizontal Parallax, or Earth'sSemi-Diſec © 54 26 PLATE xl. 
III. The Sun's diſtance from the neareſt Solſtice, viz. G 77 43 © 


IV. The Sun's Declination, north <- = — 4 52 50 
V. The Angle of the Moon's Path with the Ecliptic 5 38 © 


VI. The Moon's true Latitude, North Aſcending - 37 57 
VII. The Moon's true hourly motion from the Sun = 27 16 
VIII. The Sun's Semidiameter - - 16 6 
IX. The Moon's Semidiameter =_ — 14 48 
X. The Semidiameter of the Penumbra — — 30 54 


376. Having collected theſe Elements or Requiſites, and being pig. I. 
provided with a good Sector, the Eclipſe is to be projected in the folC? 
lowing manner. But here the reader ſhould be ſo well acquainted with 
the uſe of the Sector, as to know how to open to any given Radius, 
as far as it will go; and to take off the Chord or Sine of any Arc of 
that Radius. This is done by firſt taking the extent of the given 
Radius in your Compaſſes, and then opening the Sector ſo as the diſ- 
tance croſs-wiſe, between the ends of the lines of Sines or Chords 
at S or C, from Leg to Leg of the Sector, may be equal to that 
extent; then, without altering the Sector, take the Sine or Chord of 
the given Arc with your Compaſſes, extended croſs-wiſe, from Leg 
to Leg of the Sector, in theſe lines. This inſtrument greatly facili- 
tates ſuch projections, becauſe the Sines and Chords may be had by 
it to any given Radius, not greater than its whole 2 when opened 
ſtraight ; nor leſs than the diſtance between the ends of thoſe lines 
taken acroſs the Legs when it is cloſe ſhut, But if the operator has 
not a Sector, he muſt conſtruct theſe lines to ſuch different lengths 
as he wants them in the projection. And leſt this Treatiſe ſhould ' 
fall into the hands of any perſon who would wiſh to project the Fi- 
gure of a ſolar or lunar _— and has not a Sector to do it by, we 
ſhall ſhew how he may make a line of Sines or Chords to any Ra- 
dius ; knowing that by the Radius is meant the Semidiameter of 
a Circle, | 

377. Draw the right line BCD at pleaſure ; and upon Cas a Cen- rig. II. 
ter, with the diſtance CA or CB as a Radius, deſcribe the Circle 
BAD ; and through the Center C draw AC perpendicular to BD. 
Then divide the Quadrants AB and AD each into go equal parts or 


degrees, and join the right line AaD for the Chord of the Qua- Howto make 


drant AD. This done, ſetting one foot of the Compaſſes in A, ex- LOO 


tend the other to the different diviſions of the Quadrant AB; and fo 
| transfer 
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PLATE XI. transfer them to the right line Aa D as in the Figure, and you have a 
line of Chords Aa to the Radius CA. N. B. 60 Degrees on the 
Line of Chords is always equal to the Radius of the Circle it is 
made from: as is evident by the Figure, where the Arch E, whoſe 
Center is A, drawn from 60 on the Quadrant AD, cuts the Chord 
line in 60 degrees at a, and terminates in the Center C. 33 | 
And of Sines. Then, from the diviſions or degrees of the Quadrant AB, draw 
lines parallel to AC, which will fall perpendicularly on the Radius 
BC, dividing it into..a line of Sines; and it will be near enough for 
the preſent purpoſe, to have them to every fifth Degree, as in the 
Figure. And thus the young Tyro may ſupply himſelf with Chords 
and Sines, if he has net a Sector. But as the Sector greatly ſhortens 
the work, we ſhall deſcribe the projection as done by it, ſo far as 
Signs and Chords are required. | 
Fig I. 378. Make a Scale of any convenient length, as Ca, and divide it 
Farth's Semi- into as many equal parts as the Semidiameter of the Earth's Diſc con- 
8 E- tains Minutes, which in this Conſtruction is 54, and 26 Seconds, 
ET $ 375, making allowance at the end @ for the odd Seconds. Then, 
with the whole length of the Scale as a Radius, from the Center C, 
deſcribe the Arch 440 for the Earth's northern Hemiſphere, or Semi- 
Diſc, as ſeen from the Sun or Moon; and draw the Diameter 205 for 
the Ecliptic. ha buſy | | 
Axis of the 379. Upon the Center C raife Cd for the Axis of the Ecliptic, 
Ecliptic. perpendicular to 40. | 6 
North Pole. 380. Open the Sector to the Radius Cd on the line of Chords, and 
take off croſs- wiſe the Chord of 23 Degrees; which, fet off from 4 
to / and to f: and to theſe points / and F join the dark line /gf; in 
which the north Pole of the Diſc is always found. 
When enligh- 281, NM. B. When the Sun is in Aries, Taurus, Gemini, Cancer, 
bean Leo, and Virgo, the north Pole is always found within the enlightened 
' part of the Earth's Diſc ; but when the Sun is in Libra, Scorpio, Sa- 
ittarius, Capricornus, Aquarius, and Piſces, the north Pole is hid in the 
obſcure part behind the Diſc ; and the ſouth Pole is in the enlightened 
| part, § 332, 333. 5 5 
Poſirionef the 382. And, that when the Sun is in Capricornus, Aquarius, Piſces, 


Earth's Axis , : * ; 23 
— reſpeck Aries, Taurus, and Gemini, the Earth's Axis lies more or leſs to 


to the Axis ofthe right-hand of the Axis of the Ecliptic, as ſeen from the Sun or 
the Ecliptie. New Moon, 8 333. But to the left-hand of it, when the Sun is in 


Cancer, Leo, Virgo, Libra, Scorpio, and Sagittarius. 
383. Make gf the Radius of a line of Sines on the Sector, by open- 
ing it until the points of the Compaſſes, extended from q to /, fall 


I 


croſs- 


of ſolar Eclipſes. | 21.5 
croſs-wiſe into the two go's at the ends of the lines oß Sines z and 
keeping the Sector to that opening, take off with the Compaſſes the 
Sine of the Sun's diſtance from the neareſt Solſtice, in the preſent Earth's Axis. 
| Caſe, 77 Degrees 43 Minutes, from the beginning of Cancer, 375 3 
and ſet it from to P, becauſe the Earth's Axis lies to the: right-hand: 
of the Axis of the Ecliptic in this Projection, & 382: and draw CP 
for the Earth's Axis, of which P is the north Pole, 8 380. 

384. To draw the Parallel of Latitude of any given Place (ſup- 
poſe London) which is the Line that the place ſeems to deſcribe on 
the Earth's Diſc, as ſeen from the Sun; ſubtract the Sun's Declina- 
tion, which, in the preſent caſe, is 4 Degrees 52 Minutes: 50 Se- Path of the 
conds, from the Latitude of the place (Londdn) which is 51 Ne-given place on 
. | . „ the Farch's 
grees 30 Minutes oo Seconds; and there remains 46 Degrees 37 hit. 
Minutes, neglecting the 10 Seconds: then, from the line of Sines 
on the Sector making Cd the Radius, take off with your Compaſſes 
the Sine of 46 Degrees, 37 Minutes, croſs-wiſe from Leg to Leg; 
and ſet it on the Earth's Axis from C to XII; fo XII ſhall be the 
meridional interſection of the diurnal” path of Lonaan with the 
Earth's Axis, & 332, becauſe the Sun has north Declination : but if 
the Declination had been ſouth, it would have been the interſection is diurna! 
of the nocturnal path of London with the Earth's Axis. Then addand nocturnal 
the Sun's Declination to the Latitude of the place; and take the Sum ches. 
from the line of Sines, the Radius being Cd as before, and ſet it on 
the Earth's Axis from C to &; ſo the point & ſhall be the interſection 
of the nocturnal Arch, or Path of London, with the Earth's Axis: 
but if the Declination had been ſouth, it would have been the meri- 
dional interſection of the diurnal Arch. e 
Biſect XII K in N, and through N draw an occult line VIV VI, tt longeſt 
at right Angles to CP; and from the laſt mentioned Radius, namely n4 ſnorteſt 
Cd on the Sector, take the Sine of the Co- latitude of the Place, or of e 
what the Latitude wants of go Degrees, namely, 28 Degrees 30 Minutes; 
and ſetting one foot of your Compaſſes in the interſection N, turn 
the other each way thence on the faid occult line to VI'and VT, for 
the longeſt Diameter of the elliptical path of the place; XII K be- 
ing the ſhorteſt. 
Make N VI the Length or Radius of a line of Sines on the Sector, 
and from N ſet the Sines of 15, 30, 45, 60, and 75 Degrees ſeve- 
rally towards VI and VI: then make N XII the Radius of a line 
of Sines, and from the points laſt found out, erect perpendicular lines 
equal to the Co- ſines of the former diſtances from N, towards the 
fide of the occult line VI N VI on which the diurnal path of the 
. | place 
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place is to be drawn; viz. from the Sine of 15 Degrees on the longeſt 
jameter, make the perpendiculars 15 XI and 15 1, each equal to 
the Sine of 75 Degrees, the Radius being N XII; and from the Sine 
of 3o, make the perpendiculars 30 X and 30 II equal to the Sine of 
60 Degrees; the perpendiculars 45 IX and 45 III equal to the Sine of 
45 Degrees; 60 VIII and 60 IV equal to the Sine of 30 Degrees; and 
75V and 75 VII equal to that of 15 Degrees. So you have 12 Points 
The path of given, as at VII, VIII, IX, Sc. through which, with an even and ſteady 
the place hand, draw the 'Semi-ellipfis, or diurnal path of the place; and ſet 
denn. the hours to it as in the Diagram, where the perpendiculars touch 
the curve: and theſe hour-letters ſhall denote the ſituation of Lon- 
don, on the Earth's Diſc as ſeen from the Sun or New. Moon on 
The hours ſet that day, from fix in the morning till fix at night. In the fame way 
* might the nocturnal path be drawn, by raiſing perpendiculars on the 
other ſide of the occult line VI N VI; but it is purpoſely omitted here 
as being of no uſe, _ | ; 

Ke of cho 385. Take the Angle of the Moon's viſible path, with the Ecliptic 
Moon'sOroit. & Degrees, 38 Minutes, $ 375, from the line of Chords, making Cd 
the Radius ; and becauſe the Moon's Latitude is North Aſcending, 
$ 375, ſet off this Angle from d to e (as the Moon is going from 
the north Node) and draw Ce for the Axis of the Moon's Orbit, 
lying to the left-hand of Cd, the Axis of the Ecliptic. But if the 
Moon's Latitude had been North Deſcending, the Axis of her Orbit 
muſt have been drawn to the right-hand of the Axis of the Ecliptic. 
N. B. When the Moon is ſouth of the Ecliptic, that is, when her 
Latitude is South Deſcending or South Aſcending, ſhe can only eclipſe 
| the Sun to the ſouthern parts of the Earth. | 
Pathofthe 386. From the Scale Ca take the Moon's Latitude 37 Minutes 
(oumbra's 57 Seconds, 5 375, and ſet it from C to r on the Axis of the Moon's 
Orbit; and through 7 at right Angles to the ſaid Axis, draw the right 
line hi; which is the line that the Center of the Moon's ſhadow de- 
ſcribes in going over the Earth's Diſc. The point y, about half-way 
between the Axis of the Ecliptic and Axis of the Moon's Orbit, is 
the place where the true Conjunction of the Sun and Moon falls 
in the Moon's Orbit, according to the Tables; the point s is the eclip- 
tical New Moon, and the point - the place where the Centers of the 
Sun and Moon are leaſt diſtant, or where the Center of the Penum- 
bra approaches neareſt to the Center of the Earth's Diſc ; and con- 

ſequently the middle of general Eclipſe. | 
The hours ſet 387. Take the Moon's true horary motion from the Sun, 27 Mi- 
fe nutes, 16 Seconds, F 375, from the Scale Ca with your Compaſſes, 
2 (every 


of folar." Eclipes de 


(every diviſion of the Scale being a minute of motion) and with that 
extent make marks in the line of the Mooh's path i, dividing each 
of theſe equal ſpaces into Go equal parts, or minutes of time, by dots; 
in ſuch a manner that the dot, fignifying the preciſe minute of time 
of New Moon given by the Tables, may fall in the point y; and ſet 
the hours to the Moon's Path as in the Figure, which hours ſhew the 
places on the. Earth's Diſc, where the Center of the Penumbra is, at 
theſe hours reſpectively. It were right to divide the hours of the path 
of the place into Quarters, and if poſſible into Minutes alſo. 18 2 
388. Apply one fide of a Square to the Ecliptic Ch, and fo move 
it backwards or forwards, until the other ſide cuts the ſame Hour and a 
Minute, both in the path of the Place, and path of the Penumbra's RT 
Center, and that will be the preciſe: time of the apparent Conjunc- 
tion of the Sun and Moon, or middle of the Eclipſe, ' at the given 
place: and there in the path of the place as a Center, deſcribe a Circle & 
whoſe Radius is equal to the Sun's. Semidiameter, 5 375, 16 M. 
nutes 6 Seconds, taken from the Scale a. Then, in the ſame 
nute of the Moon's path as a Center, deſcribe.a Circle MM, whoſe 
Radius is equal to the Moon's Semidiameter 14 Minutes, 48 Seconds, lts Phaſes. 
F375, taken from the ſame-Scale! The former of theſe Circles re- : 
preſents the Sun's Diſc as ſeen from the Earth, and the latter the 
Moon's. The portion of the Sun's Cirele, cut off by the Moon's will 
ſhew the quantity of the Eclipſe at the time of greateſt obſcuration : And number 
and if a right line be drawn acroſs the Sun's Diſc, through the Minute of Digi. 
of greateſt obſcuration in both paths, and divided into twelve 1 55 
parts as in the Diagram, it will ſhew how many Digits of the Sun 
are then darkened. If theſe two Circles do not touch one another, the 
Eclipſe will not be viſible at the place for which the conſtruction is per- 
formed. | lie 2 go OOTY 2299 
389. Laſtly, take the Semidiameter of the Penumbra 30 Minutes 
54 Seconds, $ 375, from the Scale aC with your Compaſſes, and 
ſetting one foot in the Moon's path, to the left-hand of the Axis of The times of 
the Ecliptic, dire& the other towards the path of the place; and carry ROY 
along this extent, until both points fall in the ſame Hour and Mi- on 
nute of time marked in both paths; and hat will be the time of the 
beginning of the Eclipſe at the ſaid place; which falls always on the 
left-hand of the Circles repreſenting the Diſks of the Sun and Moon 
at the time of greateſt obſcuration. Then do the ſame with your 
Compaſſes on the right hand of theſe Circles; and when both points 
fall in the ſame Hour and Minute of both paths, fhat will be the time 


when the Eclipſe ends at the ſame place. Thus as near as the pro- 
Wi: FF. jection 
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jection made from theſe Tables theys it to the equal time at Lonabn, 


the Belipſe begins at 2 Minutes after ꝙ in the morning; the middle 
is at 28 Mimites after 10; when there will be almoſt 11 Digits 
eclipſed ; and the end at 58 Minutes paſt 11. A quarter of an hour 
later would have made this Eclipſe annular *. N - 
The Equator, Tropic of Cancer, and Meridians, paſſing from the 
north Pole P through the hours on the path of London, are drawn 
only to give an idea of the pofition of the Earth as ſeen from the 
Sun or New Moon at the time of this Eclipfe ; but are otherwiſe of 
no uſe in the projection. unt f J Er | 


Calculation of 390. Having ſhewn the method of calculating and projecting ſolar 
lunar Eclipſes. Eelipſes, we now proceed to the lunar; and it has been already 


Table XII. 


Table XIII. 


mentioned, that when the Moon is within 12 Degrees of either of 
her Nodes at the time of Full, ſhe will be ectipſed; & 311. We ſhall 
now ſee whether or not the Moon will be eclipſed at her Oppoſition 
in May 1761 ; the time of which has been already computed, and 
found to be the 18th day, at 24 minutes paſt 10 at night. See rhe 
Example on Page 204. FFF: 7 2 00 54 
Sun's diſtance from the Node in March 1761, at Full „„ 
Moenn - IE, - 25 47 
To which add his motion from the Node for 2 Lunations 2 1 20 
The Sum is the Sun's mean diftance from the Node in 


F 1» 26 47 


117 at Full Moon — — 
Which, ſubtract from a whole Circle, ar „ 


And there remains — n 
Or 3 Degrees 13 Minutes. Which is all that the Sun wants of 
coming” round to the Aſcending Node: and therefore, the Moon be- 
ing oppoſite to the Sun, muſt be juſt as near the Deſcending Node; 
conſequently, far within the limits of an Eclipſe. 

391. But to have the Moon's true diſtance from the Node, we muſt 
calculate the true place of the Sun and Node at the time of Oppoſition 
of the Sun and Moon, as already taught, 5 371. 


The Figure, by a ſmall miſtake in the projection, makes the Eclipſe about a third: 
part of a Digit too ſmall, and anticipates the time by about ten minutes. 


2 | Radicat 


of lunar Ecliffes. 


Son's: Mom. 


— — — — — 
| | , 6 7 86 13 0 4 


Radical year 1761 ; 


May — — 2 
The 18th day = —_— 
10 Hours — 


24 Minutes (negleRing them for the Node) 7 ; ** 


410 ol 2 10 


Mean Places wal — — | | 

Sun's Equation add... mom — 1 17 d 
r, ne we e 
San's true Place —.— — 1 a 3 | 
— nt : — : 't Fr. N. o N. 12 0 
nn U Din PAN wx 
[Sun's corrected diſtance from the Node CREW 1 bays FS HEN 


un's true diſtance from the Moon's Aſcending Nodes” 1a — 
[Which gives the Moon's true Latitude 10 — 0 n Wader 1 
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392. Having by the 2 precepts, J 3545 G 15 Found ü dees 
time of Oppoſition of the Sun and Moon in à lunar Eclipſe, with the 
Moon's Anomaly enter Table VIII, and take out her horizontal Pai; 
8 her Tay * Motion and ea ag og and likewiſe 

oſe of the Sun Anomaly, as alrea C 267, 37a, 
Then add the 2 horizontal Parallax, 2 80 a 
to the Moon's horizontal Parallax, and from their Aan ſubtract the 
Sun's Semidiameter ; the remainder will be: the Semidiameter of that 
part of the Earth's ſhadow which the Moon paſſes through. 

From the Sum of the Semidiameters of the Moon and Earth's 


393 
qo ſubtract the Moon's Latitude; the remainder is the parts 


deficient. Then, as the Semidiameter ef the Moon is to b Digits, 

ſo are the parts deficient: to the Digits eclipſed. | / 

394. If the parts deficient be more than the Moon' 8 Diameter, the 

Eclipſe will be total with continuance; if leſs; it will not be n 

if equal, it will be total, but without continuancdde 
395. Now collect the Elements for T's 7 e Eclipſe,” 5 


Moon's horizontal Parallax | FE St ah 55 28 
Sun's horizontal Parallax - (always): 10 
The Sum of both Parallaxces cok wigs 438 


From which ſubtract the Sun s Semidiameter s 2 23: 
Remains the Semidiameter of 7 Earth's Shadow 39 44 
F Semi- 


@7 
-4 


» * * 
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To projet a a 


lunar E- 


clipſe. 
Fig. III. 


. The Preaclun 


< 


A of the V Moon 5 „ 13 10 
Sum of the two laſt” N - - $6.38 
-. Moon's Latitude ſubtract - + Jo 88; 
Remains the parts deficien YT e 
Moon's horary mation © |__- 3 30 40 
Sun 7 Sho motion ſubtract — ——— Lan: 1 


Remains the Moon's horary m motion n Gb ie san Il 28 16 
5 as, This done; make a Scale of any convenient tength, =W, 


my 


Nauen each Biol! is a minute of. a degree; and take from it in your 


: oon and Earth s ſhadow; and with that extent as a Radius, de- 
ribe that Circle OLG round C as a Center. 3 

From tlie ſame Scale take 39 Minutes 44 Seconds, the Semidiameter 
of the Earth's ſhadow; and therewith as a Radius, deſcribe the Circle 
UUUU for the Earth's ſhadow, round C as a Center. Subtract the 
Moon's Semidiameter from the Semidiameter of the Shadow, and 
with the difference 2 Minutes 34 Seconds as a Radius, taken from 
the Scale , deſcribe the Circle 7Z round the Center C. 

Dray the right line AB through the Center C for the Ecliptic, and 
croſs it at right Angles with the line EG for the Axis of the Ecliptic. 

Becauſe the Moen Latitude in this Eclipſe is North Deſcending, 
g 391, ſet off the Angle of her viſible Path, with the Ecliptic 5 De- 
grees 38 Minutes, $37, from E to V, and draw Uv for thi Axis of 
the Moon's Orbit. Had the Moon's Latitude been North Aſcending, 
this Angle muſt have been ſet off from E to f. N. B. When the 
Moon's Latitude is South Aſcending, the Axis of her Orbit lies the 
ſame way as when ſhe has North Aſcending Latitude; and when her 
Latitude is North Deſcending, the Axis of her Orbit lies the ſame 
way. as when her Latitude is South Deſcending. 

Take the Moon's true Latitude 10 Minutes 28 Seetinds in your 


| Cothpalies from the Scale „ and ſet it off from C to H on the Axis 


of the Moon's Orbit, becauſe ſhe is north of the Ecliptic; (had ſhe 
been to the South of it, her Latitude muſt have been ſet off the contrary 
way, as from C towards v:) and through H, at right Angles to the 
Axis of the Moon's Orbit YCv, draw is right line LMHNO for the: 


Moon's Orbit, or her Path through of the Earth's ſhadow. N. B. 


When the Moon's Latitude is North Aſcending, or North Deſcend- 
ing, ſhe is above the Ecliptic: but when her Latitude is South Aſ 
en or South Deſcending, ſhe is below it, 

Take 


of lunar Felipfes. K 


Take the Moon's true horary motion from the Sun 28 Minutes 
16 Seconds from the Scale Vin your Compaſſes, and with that ex- 
tent make marks in the line of the Moon's Path LMHœH ; dividing 
each of theſe equal ſpaces into 60 equal parts or minutes of time: 
and ſet the hours to them as in the Figure, in ſuch a manner that 
the preciſe time of Full Moon, as ſhewn by the Tables, may fall 
about the middle between F and H in the Moon's Orbit; where it 
is cut by the Axis of the Ecliptic and Axis of the Moon's Patin. 

Laſtly, Take the Moon's Semidiameter 15 Minutes 10 Seconds 
from the Scale Vin your Compaſſes, and therewith as a Radius de- 
{cribe the Circles P, Q; R, S, and 7; on the Centers L, M, H, N, 
and O; the Circles P and J juſt touching the Earth's Shadow UU, 
but no part of them within it; the Circles: Q and S, all within it, 
but touching at its edges; and the Circle R in the middle of the 
Moon's Path through the ſhadow.. So the Circle P ſhall be the Moon 
touching the ſhadow, at the moment the Eclipſe begins; the Circle 

the Moon juſt immerſed into the ſhadow at the moment ſhe is 
totally eclipſed ; the Circle R the Moon at the greateſt obſcuration, 
in the middle of the Eclipſe ;.the Circle S the Moon juſt beginning 
to be enlightened on her weſtern limb, at the end of total darkneſs ; 
and the Circle T the Moon quite clear of the Earth's ſhadow, at the 
moment the Eclipſe ends. The moments of time marked at the points 
LMH and O, anſwer to theſe Phenomena: and. according to this 
ſmall projection are as follow. The beginning of the Eclipſe at 8 
Hours 36 Minutes P. M. the total immerſion at 9 Hours 42 Minutes. 
The middle of the Eclipſe at 10 Hours 26 Minutes. The end of 
total darkneſs at 11 Hours 12 Minutes. And the end of the Eclipſe 
at 12 Hours 18 Minutes; but the Figure is too ſmall to admit of pre- 
ciſion. 


397. By computing the times of New and Full Moons, together The examina- 


with the diſtance of the Sun and Moon from the Notes ; and know- 
ing that when the Sun is within 18 Degrees, of either Node at New 
Moon, he muſt be eclipſed ; and that when the Moon is within 12 
Degrees of either Node at Full, ſhe cannot eſcape an Eclipſe; and 


that there can be no Eclipſes without theſe limits; tis eaſy. to examine 


whether the accounts of antient Eclipſes recorded in hiſtory be true. 
I ſhall take the liberty to examine two of thoſe mentioned in the 
2 catalogue, namely, that of the Moon at Babylon on the 19th 


* 


of March in the 72 iſt year before CuR1sT ; and that of the Sun at 


Athens, on the 2ath of March, in the 424th year before CHRIST. 
The 


tion of antient 
Eclipſes. 


—— — — 


| 


The Examination 


The time of Full Moon for the former of theſe is already calcu- 
lated on Page 201, and the time of New Moon for the latter on Page 
200; both to the Old Style: ſo that now we: have nothing to do, 
but find the Sun's. diſtance from the Node, in Table I. for theſe 
times, as the 357th article directs for the mean Anomalies; and 
after finding a Radix in the ſame manner, add all the reſt to it: and 
if the Full Moon for March, 721 years before CHRIST, is fou nd to 


have been within 12 Degrees of either of the Nodes, we may be ſure. 
ſhe was then eclipſed : and if the Sun, at the time of New Moon 
in March, 424 years. before Cur1sT, was within 18 u en of ring) 


Node, he muſt have been eclipſed at that time. 


EXAMPLE I. 


Required the diflance of the. Sun and Moon from the Nodes on March 8b, 
Old Style, at 7 Hours 36 Minutes 7* noon, the gear before Chriſ 
721 the Moon having been then Full 


From 1000 years ſubtract 720, and there remains 280. Then, 


Sun fr. Node. 
From the Sun's diſtance from the Aſcending Node at; 7 why 


the beginning of the current year of Carts 1 3 o 9 17 
SubtraCt his diſtance from it for 1000 compleat years 8 29 26 
ns the Radix - - - 3 9 51 

© Which add his F 200 ; bb | 
_ diſtance from 1 7 8 *Foomplat years ; F 75 
And for March = 1 
The eighth day, in the Table continued for Flow 1 
Seven ours, neglecting the Minutes as inſignificant . 
Add to the Radix all below it, and the Sum is 1 


Which was the Sun's diſtance from the Aſcending Node; and 
therefore the Moon being in Oppoſition at that time was only 7 De- 
grees 33 Minutes from that Node; and conſequently was eclipſed, 


See 85 3 57. 


EXAMPLE 


act es TIE I HIST e A CNA ING ih. i Oe 


8 n ð Eno SIG EN ate 


/ antient Eclipfes, 


, 241 AMR ID LE It 
Required the Sun's Afeoce fon the Node, March geb, Old Style, at 
20 Hours 29 Minutes paſi noon, the year before Chriſt 424 ; the Moon 

| having been New at that tims, 35, DL Con SO HUD 


"4 


From 500 years! ſubtract 42 3, and there remains 77, Then, 
= v4 33 Sun fr. Node. 

From the Sun's diſtance from the Aſcending Node at . 
the beginning of the current year of ChRIS T 1. 3 O 9 17 
Subtract his diſtance from it for 500 compleat years 10 14 43 
Remains the Radix - - - win Agob ge 
1 2 Ne 2 20 58 
To which add his diſtance for 3 17 5 compleat years 10 28 41 
And for March - - - . 
The gth day, in the Table continued for Days * 9 21 
At 20 Hours, neglecting the Minutes — — 52 
Add to the Radix all below it, and the Sum is 5 25 42 


Which was the Sun's diſtance from the Aſcending Node, and be- 
ing ſubtracted from 6 Signs, the diſtance of the Nodes from each 
other, ſhews that the Sun was only 4 Degrees 18 Minutes from the 
Deſcending Node ; and therefore fo was eclipſed. KO HH? 

398. Thus we have eaſily found, that theſe two antient Eclipſes 
are truly recorded; and very likely fo are moſt of the others in the 


catalogue, which are all to the New Style: But the Tables are to 
the Old Style till the year 1753, and to the New for all years after. 


And although they are not perfectly exact, becauſe they only take in 
the two largeſt Equations of the Moon, and the Sun's Equation, yet 
they are ſufficient to examine antient Eclipſes by; and to compute 
any, where very great accuracy is not required. . 
399. If the reader be inclinable to compute and project ſolar 
Eclipfes for any place, eaſt or weſt from the Meridian of London, 
he muſt be careful to ſubtract four minutes of time from the time 
given by the Tables, for every Degree the place is weſtward ; and to 
add as much for every Degree that it is eaſtward of that Meridian. 


400. 


224 a Of the Dominical Letter, 


To find the 400. To find the Dominical Letter for any year, either before or after 
. Pominical rhe Chriſtian Ara : In Tab. XV. and XVI. for Old Style, or XVII. for 
' New Style, look for the hundreds of years at the head of the Tables, 
and for the odd years below an hundred (to make up the given year) 
at the left hand; and where the columns meet, you have the Domi- 
nical Letter for the year required. And note, that every leap-year 
has two Deminical Letters, the firſt of which ſerveth only to the 24th 
day of February, and the laſt from that time to the end of the year. 


EXAMPLE I. . 
To find the. Dominica! Letter for the year 1755, New Style. 
Look for 1700 at the head of the 17th Table following, and 
guide your eye downward-in that column till you come over againſt 


55 at the left-hand ; in the Angle of meeting is E, which is the Do- 


minical Letter required. 


\ EXMAMPLE”T a | 

To find the Dominical Letter for any given year before the Chriſtian 

Ara, fo as to make it agree with the Aſtronomical Tables which be- 

gin that Ara with the firſt year of CnRISTH, namely, the firſt year 

after the year of his birth; ſubtract one from the given year, and then 

proceed as taught in the former part of this precept. Thus 

To find the Dominica Letter for the 585th year e Chri/t, look for 

500 at the head of Table, XV, and for 84. at the left-hand; in the 

meeting of theſe columns is FE, which were the Dominical Letters 

for that year, and ſhews it to have been a leap-year. ' . 

And thereby, 401. Toyfind the day of the month anſwering to any given day of the 
| thedayof the cyook; or the day of the week anſwering to, any given day of the month, 
_— for time paſt or to come. Having found the Dominical for the deſired 
year, by $.400, enter Table XVIII. with the Dominical Letter at the 

head; and under it the whole column of Figures are all the days 
of the months which are Sundays in that year, in the diviſions of the 

months: the next column to the right-hand are Mondays; the next 

Tueſdays ; and ſo on to the laſt column under G, from which go 

back to the column under A, and thence proceed forward as before. 

Thus, in the year 1755 the Dominical Letter, New Style, is E, in 

Tab. XVI. then, in Tab. XVII. all the days under E are Sundays in 

that year; namely, the 5th, 12th, 19th, and 26th of January. and 

„ | | Oclober; 


and its Le . | 


October: then the 24, th, 16th, 23d, and 3oth of February, March, 


and November; and fo on to the end of the column. All under F 
are Mondays; under G, Tueſdays; under A, Wedneſdays; under B, 
Thurſdays ; under C, Fridays; and under D, Saturdays. And, if the 
day of the week anſwering to any day of the month, .be required, 
it is eaſily had by the Letter that ſtands at the top of the column in 
which the given day of the month is found. Thus, the Letter D 
ſtands over the 12th of April, which in the year 1755 is Saturday; 
E being the Dominical, or Sunday Letter for that your” :.-- | 


Sy 


TABTIE I. The Moon's mean motion from the Sun: The mean Anomaly 
of the Sun and Moon: The Sun's mean Diſtance or Longatude from 
the beginning of the Sign Aries: The Sun's mean diſtance from the 
Aſcending Node; and the mean Longitude or Diſtance of the Node 
from the beginning of Aries : For current and compleat Julian years. 


Ai... A at A. 


= Moon'smeai] The Sun's | The Sun's The Moon's| The Sun's [The Node's 
2 motion fron] Longitude mean mean diſtance from] Longitude 
5.5 the Sun. from Aries | Anomaly. | Anomaly, | the Node. {from Aries. 
= © 
B'S. © oo „„ „„ „ „„ e 
O. 8. 116 24 1009 7 5306 29 546 19 54 o 9g 1718 28 36 
' [1501] 4 10 26 9 19 13]6 14 599 29 42 7 23 266 1 25 42 
i521] 8 23 519 19 22] 6 14 47]: 9 2668 20 260 28 5 
15411 7 169 19 316 14 35,0 19 1009 17 280 2 Hl 
1561] 5 20 419 19 40] 6 14 23] 1 28 54110 14 24111, $ 16]. 
[1581110 4 % 19 49s 14 m3 8 28] ur 2%, 8 25 
1601] 2 17 31 19 5806 13 ß 4 18 210 8 23 11 35 
16217 © 56 - > 58 6 13 471 5 e ; 14 45 
164111 14 219 20 17 6 13 3 27 75 491.2 7 "55h 
1661 3 27 46]9g 20 26 6 13 2% 8 17. 3312 -30-:30 $23 5 
1681] 8 11 119 20 35] 6 13 119 27 16] 3 26 200 5 24 15 
1701 0 24 36] 9 20 44/6 12 50% 7 of 4 23 19} 4 27 24 
17215 8 19 20 5316 12 470 16 4 5- 20 i „ 34h 
1740 ) 21 2609 21 6 ia 3611 30 206 Ja IS 44 
N.S. 1753/10 S (fg 2 6' 3 489'9 6 $66 7 a0 "00 08 12 
176119 20 459 10 216 1 33/0 12 2887 2 53 2 7 29 
1781] 2 4 109 10 30] 1 21j11 22 12 2 29 53] 1 10 378 
18011 6 17 3509 10 3916 1 gl 2 1 568 26 52]Q 13 47 
G g TABLE 
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A ronomical Tables. 


TazLs I. continued for compleat Tears. 


7 | Moon's mean The Sun's The Sun's | The Moon's The Sun's Te Node's 
4 motion from mean mean mean diſtance from | retrograde 
| — | the Sun, | Motion. | Anomaly. Anomaly. | the Node. | Motion. 
33 s 0 o Ts 5 9 0 ol aa 0 FF. 0 2 0, -#: 
il 3 WE EW * IJ ? — E * — I" * f 1 
1214 9 371 29 4611 29 45] 2 28 43] © 19 5 0 19 20 
2] 8 19 1311 29 31/11 29 29/ 5 27 266 1 8 wo} 8 39 
3] o 28 52] 29 17 29 14] 8 26 1of 1 27 16] 1 27 $59 
$1 6 20 437 & © 3111 29 e © 7 $74. 2 17 24] 2 17 22 
5110 o 1811 29 4711 29 42| 3 — + 6 ag] 3 6 42 
— — — — —— — „ —— — a 
612 9 3671 29 33þir 29 27 6 5 23Þ 3 25 3443 26 1 
þ 7 6 17 3311 29 19/1 29 11 9 + 6Þ 4 14 1 1 15- 21 
| - * vey be | * 29 55 | oo 7 0 5 .. 4 | 7 — 44 
1 of 3 59 9 491 29 40 3 4 77 3 5 4 
108 © 37411 29 35451 29. 24] 6 13 19 6 12 59 6 13 24 
8 f | — doo — 1 
1110 io” 141117 29 2111 29 gf 9 12 30 7. .2..4þ 7- 242 
ee © jr 29: gf © 23 go 7 22 11þ 7 23 6 
13] 9 1 41 29 5/1 29 37] 3 22 33 8 11 1748 11 26 
1441 24 18114 29 37111 29 22 6 21 17/9 239 @ 46 
1816 o 55 29 2211 29 79 19 3319 19 27% 20 5 
eta — — — — — 
ien ss o einn 2 e 2 1 47hio g cho g 28 
Ez TT" 3 27117 29 gy 29 35 4 © 3010 28 4170 28 48 
18] 7 11 6911 29 39]11 29 50] 6 29 13]it 17 46ſt 18 8 
19% 21 36[11 29 24] 29 4{ 9 27 57] © 6 0 7 27 
20 4 13 25] © © 2111 29 481 9 44] © 26 59] © 26 50 
40 500 0 © - 11 29 36 2 19 28] 1 23 59 1 23, 41 
60] 1 16 16]o © 2 11 29 24 3 ug it] 2 20. 58] 2 20 31 
| 80 5 x $59.97 & 30911 2þ - 12] 5 8 cel 3 19 cp1 3 37; {27 
| 10010 60 45 29 of 6 18 39 7 14 564 14 11 
200] 8 14 12] 0 1 31 i „„ 3. 17 as 29 5408 28 23 
Jos] 6 21 8 O 2 1611 27 1 7 25 571 1 14 gol 1 12 34 
T x1: af: if 2: 14 37] 5 ay 46] 5 26 45 
goo] 3 5 rv: dis fin i7' *} 9 $ 36 10 14 43 10 10 56. 
o 
I 3 n+ 233; 410 S637 i 3 
800" 9 2 — 2 8 a7 a - 11 — + 11 * 30 
goo 3 55| © 6 48] 21 3[11 17 52] 4 14 29 4 7 41 
10 6 1x x1] o 7 331 20 35 6 6 32] 8 29 2606 8 21 53] 
2000] © 22 2| 0 Is 7 10 7 © 13. 3þ 5 28 53f 5 +3 46. 
30007 3 2 0 22 4oſi: o 1of 6 19 35] 2 28 1802 5 38 
ne 137 o 20 F[n 27 io 27 3 
5000] 7 25 4 IUP 10-101 7 2 205 8 a7 101 7 19 24þ 
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TBT I. continued for \compleat Months. 


8 n Wenn * * 


+ „ oon mean] The Syn's J The Sun's J The Maon's] The Sun's The Node!s 
# 3 motion from: mea mean mean. Motion from retrograde 
che Sun. Mo tiqn. Anomaly. Anomaly. the Node. Motion, | 
3 —— E AD Bis whe: | 
2 8 33 5 v9 v 's 9 + Y L 0 7 's 0 11 8 
1 — ENS WH FRED Je 8 1 2 — "ESI | 
Jan. |'o 'o' oe o -o oof M of © O of v 0 0 
n, a nfo no 
Mar. jtt 29 54 28] gf 1 8: ys yo! . 5p 
Aprilſ'-o 17 100 2 28 42] 2 28 42 3 '5 gi] 3 3 28600 4 46 | 

| May | © 22 53| 3 28, 17 3 28 17 4 7 48} 4 4 38] © 21 

| Jane] 1 10 48] 4-28: 50] 4 28 40 5 22 49 5 6 56] 8 o N 

— . — — a N ö 
July | x 16 32] 5 28 24] 5 28 24] 6 24 4646 7 590 9 35 

| Aug. 2 4 26 6 28 57] 6 28 57 8 9 47 7 10 110 11 14 
Sept. 2 22 216 7 29 31] 7 29 30 9 24 47] 8 12 23] © 12 52 
Oct.] 2 28 4| 8 29 5 8 29 A4{1o 26 4419 13 3210 14 27 
nou 3 15 59] 9 29 12 9 29 37] o 11 45J10 15 44] © 16 6 
Dec. 3 21 43110 29 12110 29 1] 1 13. 42011 16 530 © 17_4t 


TABLE I. continued for the Days of the Months. | 


Moon's mean] The Sun's | The Sun's | The Moon's: The Sun's The Node's 
» | Motion from mean - mean mean motion from] retrograde 
I |the Sun. Motion. | Anomaly. | Anomaly. | the Node. | Motion. 
5 e Jr yt 65 07 Fe TO , SY TINS 8: 
T—] * — — —: ans 
4.260 12 81 e ©. gol-0..63. „% 3 14 
2} © 4 23. o m 58] 0. 26 80 2 A440 6 pl 
3] 1 3+ oO. 2 574 1: 9 12% JZ;. 73:0 5 @ We 
4] 1 18 46] © 3 $56| 4 a2 16] © 4 9 0 12 43 
I 0 37 o 4 $6] 2 5 19 © 5 12 © 15 63 
— — ——ä—4Ʒũ—c— dw — — — 4 — — — — 
23 9 o 551 21188 2340 6 140 19 4 
n O $4 | —1 27/0 2 We 25 0 
WS 7: $8 o 97 $83]. 3: 34 34] © BÞ INN ©. 25. as 
9] 3 19 43 o $2] 3 27 35] 9 210 28 36 
1104 1 54 o 9 5114 10 39] © 10 23 0 31 46 
THESE 6. 1 6 o 10 50 4 23 4340 11 25] 0 34 $7 
I2] 4 26 17 o 1t gol s 4710 12 28] o 38 8 
0 o 12 4g] 5 19 Fol © 13 30] 0 41 48 
1445 20 40 o 13 48] 6 2 55 © 1% 321 © 44 29 
156 2 52 o 14 47] 6 15 381 © 15 35] © 47 40 
— — — — — ..— go | | 
116 6 7 9s. o 16 461 6 wy. 21 Q 16; WLET.$o- 29 
17] 6 275 15 o 16 7 8 „ HW $60> 4-1 
118% 5 9. 80 o I7 7 45 0] © 10 ga. c7 2 
LET 217. 87 o 18 48} 3 8 nwgl 0 19: 441 3 © as 
4.4 o 19..431.8 21 8] o_ 20 gaj 4 . 33H 
Gg 2 TABLE 
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TaBLE I. continued for the Days of the Month. 


| [Moon'smean| The Sun's | The Sun's | The Moon's} The Sun's | The Nodes 
ff Motion from mean mean | mean {motion from] retrograde | | 
8 the Sun. Motion. Anomaly. | Anomaly. | the Node. Motion, | 
> 0 C07 > 0 * RF: 72 »- C p18 4} iy! 
12. — — —— — | 
21] 8 16 of © 20 42] o 20 42 4 2200 21 49 1 6 43 
22]. 8 28 12} o 21 4i] © 21 41], 9 17 2000 22 516 9 54 
239 10 23] 0 22 40] © 22 4010 0 30 e 
249 22 35] 23 39] © 23 3910 13 34þ © 24 55 1 16 15 
5—4ꝗ0 4 46] o 24 38] © 24 3810 26 37 Lo 25 57] 1 19 26 
26[10 16 58] 0 25 38] © 25 38|11 9 45 7 22 37 
2710 29 9 26 37] © 26 3711 22 45] o 28 3 1 25 47 
2811 11 2000 27 36] 27 36 8 49 o 29 5| 1 28 58 
ns 83} 351.0. 23, ge; 38; 534.2 0 71. 32 9 
L935 FP ©91,341.9. .29. .341];73 :2':57].1 1  gf-38 35 19 
31l o 17 551 n 0 33 e 331 ; J 1 38 $0 


In leap-years after February, ſubtract a day from the time of New 
or Full Moon given by this Table, without altering the mean 
Motions and Anomalie. . 


TABLE I. continued for Hours and Minutes. 


| 


if 2 wy} 'S T7 1818814336 ( . 
424g „ s s 5 
Ass 4 |. [SS S s2 542 68 | =2 
=| 85 [oc [=S]SZ|-3E |= [og [I S= |-& 
fel "(33 [EE [az [25 [els EE [EE [22 135 
E 5542 88 3 2 28 «| „ 8 | ©. 14 = 234 
28 21 * © < | ©? | 
E558 2 [2325 IJ S3 [2 [ZA [ed] 
File lee EZ EA E 
1 1144 89 1 . / o „„ 
r neu | M.“ „ 11 ih 
2 eee es 
1] © zoj © 20 32% 2 85 35/0 27|5 590 28 1 27 
211 1 0 n, eee, e eee 
1 31 711 38] © o 24[[1] 6 34] © 32] 7 do 341 4 
2 2 0 10 2 nfo No 321114 7 710 347 3740 36 1 51 
5 2 32 0 124 2 43] © 13] © 40 [f 7 37] 0 378 10] 0 39, 1 59 
6! 3 3 0 151 3 160 160 4818 8 0 390 8 43] © 41, 2 | 
1213 33 0 17] 3 48] o 18 0 568 38 0 429 1 44 2 1: 
88 4 4 0 2004 210 200 1 441180 9 o 449 440 46 2 2: 
9) 4 34 0 22] 4 54] o 22] 1 12/1 9 39% 47]0 2% 49 2 31 
I 5 5 0 25] 5 270 25] 1 1g]]2olo io qggjio 540 52. 2 30 


{ 


| 
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: *3 ; W 8 GP” 1 * 0 iP - 2 VF 
TABTE I. continued for Hours and Minutes, __..__-. 


8 ; 


tion from the Sun. | 
The Sun's mean 

Motion and Anom. 
from the Node. 

The Node's- vetro- 


The Sun's Motion 


Moon's mean Mo 


Hours and Minutes. 


Ez IS 
= 


— 


grade Motion. 


: 


Moon's mean Mo 
tion from. the Sun 


| 


4 


; 


Dn 


mm wn 0 0 


>» | Z Z | Hours and Minutes. 


— 
8888s 
N 
— 


40020 


Ti 4 . 7 
2 >, * 
* * 1 
3233 2 
2 8 TH 2 
3 * £ 
” 4 Þ 4 of bi” 
" TIF „ 
1 41022 46 "Joy 
1 432 19488 
I 4623 52] 5 4 
1 48123. 541-3 5 
12 371515 
1 53 9] 6 
1 56 - 6 144 
1 58 516 22 
2 1 716 30 
2 3 10 6 38 
"Wi 12 6 46 
ES. 0 1516 54 
8.23 99 
„ 317. 
„ 23] 7. 2 
[ 2”. 73 2517 24 
2 ' 20 28] 7 
2 23] 31] 7 
2 25 33} 7 
8: 3 36] 7 


To 


take t 


nd whether or not theſe Tables are correct; the Operator may 
e difference between any number he wants, and of the one 


next above and below it; and if it differs equally (or nearly ſo) 


from. both, he may be ſure it is right. Thus: Suppoſe he wants 


the Moon's Anomaly for 26 Days; in the Table it is 11* 9 41, 
which being 13 4' more than 10˙ 26® 37” the Anomaly for 
25 Days, and 13* 4 leſs than 11* 22% 45 the Anomaly for 27 


Days, muſt be right. 


TABLE 


QA S205 0 
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0 2 30 | Af onical. Tables . 


[TABLE II. The | | 
Moon's annual FABLE III. We Moon's. elliptic Equation. 
| Equation. , | 2 
. 8 
T EIS OTF | 8 
81 Subtract. E 2 Add. $1.48 E ' 
* 9 | 415 af 7 : F 2 3K T4 f 5 48. — 
3B. 5 S. . E | Sighs ; 885 Signs | Sts Signs 4 
T* 7 TT 0 DEAD Ot: . — > 
DEAN. AN. 8G. H, ik. MH, MAH, MH, MD. 
— —— —— — — . — — — | 
of ot rj18 220901030 o 4 8 9 47 32 4 14139 | 
1] ofrÞ1g]z2]19] 2} ho 19] 4 57118 e 29 
2 11 10192215 1 o 5 6118 * 3 5828 
3] 1[11]19j22[18 o 30 5 8 8 59 7 17] 3 golz27. 
4| T]12}19]221r8 H 44 4o]'s 218 24]8 58] 7 3 © 42]26 
5| 211 2]19j22|1B 5| © 5 2918 8 577 6.3 3425 
6] 21219/210180 9124 1 96. 7 8 551 7 3 26124 
7 1714 I 5 8 8 53] 6 3 1623 
8 I . 8 3718 5186 3 10422 
9 8219 6 8 8 49 6 3 24217 
10 Iii 40 5 8 438 475 36] 2 5320 
11 1 50 6 8 458 44] 6 300 2 45119 
12 | 2 6 231 8 8 41 6 2 37118 
13 i 2 6 8 8 38 6 2 2917 
14 2 2c 6 3718 8 35 6 2 21016 
ts 0 2 360 6 8 8 32] 6 2 12[ls} 
16 1160 2 446 8 8 29 5 4 14] 
18 180 3 4 8 223 49-8 12 
19 119] 3 10] 7 9 8 205 [ of 
20 120 3 7 9 8 16/5 1 2710 
21 N 3 7 9 8 125 1 24 
122 | .Þ 7 28 9 1 1 118 
23 12313 47 33[9 3]8 4s ® 1 7. 
24 | 3 * 9 „ 0 50 
25 4, 417 / 47 554 5409 45[5} 
26 201 4 1] 7 9 7 $2, 4 0 4 
27 7 4.3% 7..531 9 7 471 4 9 3. 
28 28; 4 31,7 3809 7 424 0 2 
29 29.4 43 3/9 37 37/4 240 9 1, 
30 30 4 8 89 7 32 4 o 9 0 
— - 1— —̃ä—— — - — 
8e 1 8 7 116 18 - 
< bbb. | < igns Signs | du? Signs 2 | Signs £ | 
E Add. [8] Vauybtract. E 
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Abronomical Tablet. 
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TasLE IV. The Sun's Equation || TABLE ;V, Equation 8 en 
at New and Full Moon. | nean Place, 
8 Subtract. "Subtragt. S| 
2 — — =% 
5 O I I 2 = - 
2 | Signs Signs Signs b, 58 le b $ 5 
P. H. M HH. M. f. N M. b. 
oo ofr 3213 30 
10 4% | 1 29 
210 717 323 28 
310 Iain 3213 27 
40 1440 3202 20 
5ſo 182 3102 25 
610 | 3112 24 
719 312 23 
800 302 22 
900 3002 21 
1oſo 3012 20 
1100 2902 19 
1240 2902 18 
130 2802 7] 
140 2712 16] 
150 2602 15 
1600 2502 14 
171¹ 2402 13 
1801 2302 12 | 
19/1 22|2 11 
2011 2102 10 
2111 2012 9 
22[1 1902 18 
231 1802 7 71 
24/1 1712 6 6 
2715 1512 & 5 
261 1302 44 TY! 
2711 1141 3 | 
28[t 917 712 | | ; 
29]1 711 4} 1 | 256 1 114 
3001 511 o O ö ES 4 © | 
g| 2 10 | | 8 7 6 88 = ls. ll 613 | 
« | Signs 3igns [sigus Signs [Signs Signs < 2 = » Sign ow L | 
2— 2 ö rr ˖²»⁰vte 2 | 
3 Add. 1311.54 4 
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Sun from Node. 
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Afronomical Tables. 
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Tant VII. [TABLE VIII. The Moon's horizontal Pa- 
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A Deſcri * 2 1 the Apronomical M achiniry, ſerving 2 
explain and Hiuftrate the ? foregoing part of this Treatiſe. 


H E Onkiay: This Machine ſhews the Motions of the Sun, 
Mercury, Venus, Earth, and Moon; z and occaſionally, the 


TheOaxkRx. ſuperior Planets, Mars, Jupiter, and Saturn, may be put on; Jupi- 


The Sun. 


The Ecliptic. 


Mercury. 


ters four Satellites are moved round him in their proper times by a 
ſmall Winch; and Saturn has his five Satellites, and his Ring which 
keeps its paralleliſm round the Sun; and by a Lamp put in the Sun's 
place, the Ring ſhews all the Phaſes deſcribed in the 193d Article. 

In the Center, No. 1. repreſents the Sud, | ſupported by an Axis 
inclining almoſt 8 Degrees from the Axis of the Ecliptic ; and turn- 
ing round in 25+ days on its Axis, of which the North Pole inclines 
toward the 8th Degree of Piſces in the great Ecliptic (No.1 1 .) whereon 
the Months and Days are engraven over the Signs and Degrees in 
which'the Sun appears as ſeen from the Earth, on the different wa 


of the year. 
The neareſt Planet (No. 2.) to the Sun is Mercury, which goes 


round him 87 days 23 hours, or 8744 diurnal rotations of the Earth; 


but has no Motion round its Axis in the Machine, becauſe the . 


Venus. 


The Earth. 


of its diurnal Motion in the Heavens is to us unknown. | 

The next Planet in order is Venus (No. 3.) which performs her 
annual Courſe in 224 days 17 hours; and turns round her Axis in 
24 days 8 hours, or in 24+ diurnal rotations of the Earth. Her Axis 
inclines 75 Degrees from the Axis of the Ecliptic, and'her North Pole 
inclines towards the 2oth Degree of Aquarius, according to the ob- 
ſervations of Biancbini. She ſhews all 15 Phenomena deſcribed from 
the zoth to the 44th Article, in Chap. I. 

Next without the Orbit of Venus is the Earth (No. 4.) which 
turns round its Axis, to any fixt point at a great diſtance, in 23 
hours 56 minutes 4 ſeconds, of mean ſolar time (214 & ſeg.) but 
from the Sun to the Sun again in 24 hours of the ſame time. No. 6. 
is a ſidereal Dial-Plate under the Earth; and No. 7. a ſolar Dial- 

late on the cover of the Machine. The Index of the former ſhews 


ſidereal, and of the latter, ſolar time; and hence, the former Index 


gains one entire revolution on the latter every year, as 365 ſolar or 


natural days contain 366 ſidereal days, or ſo many apparent revolu- 
tions 


De ORRRERY deſcribed. 


tions of the Stars. In the timo that the Earth makes 3657 diurnal 
rotations on its Axis, it goes once round the Sun in the Plane of the 
Ecliptic ; and always keeps oppoſite to a moving Index (No. 10.) 
any ſhews the Sun's daily change of place, and the days of the 
months c A YNITAI Sri fr! 
The Earth is half covered with a black cap for dividing the ap- 
parently enlightened half next the Sun, from the half which is turned 
away from him, and in the dark. The edge of the cap repreſents the 
Circle bounding Light and Darkneſs; and ſhews at what time the Sun riſes 


and ſets to all places, throughout the year. The Earth's Axis in- 


clines 23+ Degrees from the Axis of the Ecliptic, the North Pole 


towards the beginning of Cancer; and keeps its paralleliſm through- 
out its annual Courſe, $48; 191; ſo that in Summer the northern 


parts of the Earth incline towards the Sun; and in the Winter, from 
him: by which means, the different lengths of days and nights, and 
the cauſe of the various ſeaſons, are demonſtrated to ſight. ls 
There is a broad Horizon, to the upper ſide of which is fixt a Me- 
ridian Semi- circle in the North and South Points, graduated on both 
ſides from the Horizon to 90%, in the Zenith, or vertical Point. The 
edge of the Horizon is graduated from the Eaſt and Weſt to the 
South and North Points, and within theſe Diviſions are the Points 
of the Compaſs. On the lower fide of this thin Horizon - Plate ſtand 

out four ſmall Wires, to which is fixed a Twilight Circle 18 Degrees 
from the graduated ſide of the Horizon all round. This Horizon 
may be put upon the Earth (when the cap is taken away) and recti- 
fied to the Latitude of any place: and then, by a ſmall Wire, called 


the Solar Ray, which may be put on fo as to proceed directly from 


the Sun's Center towards the Earth's, but to come no farther than 
almoſt to touch the Horizon, the beginning of Twilight, time of 
Sun-rifing, with his Amplitude, Meridian Altitude, time of Setting, 
Amplitude, and end of Twilight, are ſhewn for every day of the 
year, at that place for which the Horizon is rectified. + 


The Moon (No. 5.) goes round the Earth, from between it and The Moon. 


any fixed point at a great diſtance, in 27 days 7 hours 43 minutes, 
or through all the Signs and Degrees of her Orbit; which is called 
ber Periodical Revolution; but ſhe goes round from the Sun to the Sun 
again, or from Change to Change, in 29 days 12 hours 45 minutes, 
which is her Synodical Revolution; and in that time ſhe exhibits all the 
Phaſes already deſcribed, & 262. 0 
When the abovementioned Horizon is rectified to the Latitude of 


any given place, the times of the Moon's riſing and ſetting, to- 
nh. gether 
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pether wich her Amplitude, areiſhewn tothat(place as well as the Sun's; 
and all the various Phenomena of the Harveſt Moon, 5 236, & ſeg. 
aas ere ee en enge 

The Moon's Orbit (No. 9.) is ünclined to the Ecliptic, (No. 11.) 
having one half above, and the other below it. The Nodes, or 
Points at o and o lie in the Plane of the Ecliptic, as deferibed, 
$311, 312, and ſhiſt backward through. all the Signs and De- 
grees of it in 187 hears. The Degrees of the Moon's Latitude, to 
the higheſt at NL (North Latitude) and loweſt at SL (South Lati- 
tude) are engraven both ways from her Nodes at o and o; and, as 
the Moon riſes and falls in her Orbit according to its inclination, her 
Latitude and Diſtance from her Nodes are ſhewn for every day; 
having firſt rectiſied her Orbit ſo as to ſet the Nodes to their proper 
places in the Eoliptic: and then, as they come about at different, and 
almoſt oppoſite times of the year, & 313, to point towards the Sun, 
all the Eclipſes may be ſhewn for hundreds of years (without any new 
rectification) by turning the Machinery backward for time paſt, or 
forward ſor time to come. ' At 18 Megrees diſtance from each Node, 
on both Sides is engraved a ſmall Sun; and at 12 Degrees diſtance, a 
ſmall Moon; which ſhew the limits of ſolar and lunar Eclipſes, 
$ 311 : and when, at any change, the Moon falls between either 
of theſe Suns and the Node, the Sun will be eclipſed on the day 
then indicated by the annual Index (No. 10.) and as the Moon has 
then North or South Latitude, one may eafily judge whether that 
Eclipſe will be viſible in the Northern or Southern Hemiſphere; 
eſpecially as the Earth's Axis inclines towards or from the Sun at 
that time. And when, at any Full, the Moon falls between either 
of the little Moons and Node, ſhe will be eclipſed, and the annual 
Index ſhews the day of that Eclipſe. There is a Circle of 29 equal 
parts (No. 8.) on the cover of the Machine, on which an Index 
ſhews the days of the Moon's age. 


PLATE IX. There are two Semicircles fixt to an elliptical Ring, which being 


Fig. x. 


put like a cap upon the Earth, and the forked part F upon the Moon, 
ſhews che Tides as the Earth turns round within them, and they are led 
round it by the Moon. When the different Places come to the Semi- 
circle AaEbB, they have Tides of Flood; and when they come to 
the Semicircle CED they have Tides of Ebb, 5 298, 299; the Index 
on the hour Circle, (No. 7.) ſhewing the times of theſe Pheno- 
mena. Foes 

here is 4 jointed Wire, of which one end being put into the hole 
in the upright ſtem that holds the Earth's cap, and the Wire * 
a ſmall 


* 


The. OY deferibed.. 


a ſmall fur ed piece which; may be occaſionally put upon Venus or 
Mercury, ſhews- the ditect and retrograde Motions of theſe two Pla- 
nets, with their ſtationary Times and Places as ſeem from the Earth. 

The whole Machinery is turned by a winch or handle (No. 1a.) 
and is ſo eaſily moved that a cb ek might turn it without any danger 
e atibrodkh offs bag yon 2 aol 


To give a Plate of the wheel-work of this Machine, would anfwer 


no purpoſe, becauſe many of the wheels hide others of them from 
fight in any view whatſoever. | ' 19-380 g tis 


4 
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403. Another Ozexy." In, this Machine, which is the ſimpleſt Another Or 
Jever ſaw, for ſhewing the diurnal and/annual\motions of the Earth, 


together with the motion of the Moon and her Nodes; A and Brave 
two oblong ſquare Plates; held together by: four upright pillars of 


which three appear at /, g, and gz2. Under tlie Plate A is an endleſs PLATE V. 
ſcrew on the Axis of the handle +, which works in a wheel fixt Fig. 1. 


on the ſame Axis with the doubled grooved; wheel E; and on the 
top» of this Axis is fixed the tooth d wheel i, which: turns the piniom &, 
on the top of whoſe Axis is the pinion #2 which turns another pi- 
nion ga, and that other turns a third, on the Axis 42 of which is the 
Earth U, turning round; this laſt Axis inelining 23 Degrees. The ſup- 
porter X2, in which the Axis of the Earth turns, is fixt tothe moves 
able Plate C. | | e umn 5 | 

In the fixt Plate B, beyond H. is fixt the ſtrong wire d, on which 
hangs the Sun 7, ſo as it may turn round the wire. To this Sun is 
fixt the wire or ſolar ray Z, which (as the Earth V turns round 
its Axis) points to all the places that the Sun paſſes vertically over, 
every day of the year. The Earth is half covered with a black cap a, 
as in the former Orrery, for dividing the day from the night; and, as 
the different places come out from below the edge of the cap, or 
go in below it, they ſhew the times of Sun riſing and ſetting every 
day of the year. This cap is fixt on the wire 4, which has a forked 
piece C turning round the wire 4: and, as the Earth goes round 
the Sun, it carries the Cap, Wire, and ſolar Ray, round him; ſo 
that the ſolar Ray conſtantly! points towards the Earth's Center. 
On the Axis of the pinion & is the pinion which turns a 
wheel on the cock or ſupporter , and on the Axis of this wheel, 
neareſt u, is a pinion (hid from view) under the Plate C; which 
pinion turns a wheel that carries the Moon round the Earth U; 
the Moon's Axis riſing and falling in the ſocket V, which is fixt 
to the triangular piece above Z; and this piece is fixt to the top 
of the Axis of the laſt mentioned wheel. The ſocket M is lit = 
_ I | 


. 
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the outermoſt ſide; and in this flit the two pins near V, fixt in the 
Moon's Axis, move up and down; one of them being above, and 
the other below, the inclined Plane TX. And by this mechaniſm, 
the Moon V moves round the Earth T in the inclined Orbit 9, 
=N to the Plane of the Ring TA; of which the Deſcending 
| | ode is ns A; and the my N ode rr to 91 but hid by the 
| porter X2; 5 

The ſmall wheel E tarts the large wheels D wy E of equal di- 
[| ameters, by cat-gut ſtrings croſſing between them: and the Axis of 
1 70 theſe two wheels are crank d at G and H, above the Plate B. The 
| upright ſtems — theſe cranks going through the Plate C, carry it 
over and over the fixt Plate B, with a motion which carries the Earth 
| U round the Sun 7, keeping the Earth's Axis always parallel to itſelf ; 
4 or ſtill -inclining towards the left-hand of the Plate; and ſhewing the 
| vicifſitudes of ſeaſons, as deſcribed in the ſeventh chapter. As 
[ the Earth goes round the Sun, the pinion & goes round the wheel , 
for the Axis of & never tonches the fixt Plate B; but turns on a wire 
fixt into the Plate CQ. 

On the top of the crank G is an n Index L, which goes N the 
Circle m2 in the time that the Earth goes round the Sun; and points 
to the days of the months, which, together with the names of the ſea- 
mou are marked in this Circle. 

This Index has a ſmall grooved wheel L fixt upon it, round which, 
5 the Plate Z, goes a cat-gut ſtring, croſſing between them; and by 
this means the Moon's inclined Plane YZ, with its Nodes, is turned 
backward, for ſhewing the times and returns of Eclipſes, 5 313, 314. 

+ The following parts of this machine muſt be conſidered as diſtinet 
from thoſe already deſcribed. 

Towards the n-haind, let S be the Earth, hung on the wire e, 
whichs is fixt into the Plate B; and let O be the Moon fixt on the 
Axis M, and turning round within the cap P, in which, and in the 
Plate C the crooked wire Q is fixed. On the Axis M is alſo fixt the 
Index K, which goes round a Circle 5h, divided into 29+ equal parts, 
which are the:days of the Moon's age : but to avoid confuſion in the 
ſcheme, it is only marked with the. numeral figures 1 2 3 4, for the 
Quatters.: As the crank H carries this Moon round the Earth s, in the 
Orbit , ſhe ſhews all her Phaſes by means of the cap P for the dif- 
ferent days of her age, which are ſhewn by the Index K; which In- 
dex, turning juſt as the Moon O does, demonſtrates her turning round 
her _ as ſhe ee e the ſame fide towards the Earth &, 15 269. 


. 
At 
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At the other end of the Plate C, a Moon N goes round an Earth R PL. VII 
in the Orbit ; but this Moon's Axis is ſtuck faſt into the Plate C 
at $2 ; ſo that neither Moon nor Axis can turn round; and as ſhe 
moves round about the Earth R, ſhe ſhews herſelf all round to it; 
which proves, that if the Moon ſhewed herſelf all round to the 
Earth in a Lunation, ſhe could not turn round her Axis. | 
N. B. If there were only the two wheels D and F, with a cat-gut 
ſtring over them, but not croſſing between them, the Axis of the 
Earth U would keep its paralleliſm round the Sun 7, and ſhew all the 
ſeaſons; as I ſometimes make theſe, Machines: and the Moon O would 
go round the Earth &, ſhewing her Phaſes as above; as likewiſe would 
the Moon N round the Earth R; but then, neither could the-diur- * 
nal motion of the Earth U on its Axis be ſhewn, nor the motion of 
the Moon round the Earth. d IN Ho ont” ts 1 9 10:3! | 
404. In the year 1746 I contrived a very ſimple Machine, and The Carco- 
deſcribed its performance in a ſmall treatiſe , upon the Phenomena of . 
the Harveſt Moon, publiſhed in the year 1747. I improved it ſoon 
after, by adding another wheel, and called it the Calculator. It 
may be eaſily made by any gentleman who has a mechanical Ge- 
NIUS, - br Yr? FOOLS Ji we 7 0h 97 yep 5 1 
The great flat Ring ſupported by twelve pillars, and on which the Fig. I. 
twelve Signs, with their reſpective Degrees, are laid down, is the 
Ecliptic ; nearly in the center of it is the Sun $, ſupported by the 
ſtrong crooked Wire J; and from the Sin, proceeds a Wire V, 
called the Solar Ray, pointing towards the center of the Earth E, 
which is furniſhed with a moveable Horizon H, together with a 
brazen Meridian, and Quadrant of Altitude. R is a ſmall Ecliptic, 
whoſe Plane coincides with that of the great ne,; and has the like 
Signs and Degrees marked upon it, andi4 i ſupported by two 
Wires D and D, which enter into the Plate HH, but may be taken 
off at pleaſure. As the Earth goes round the Sun, the Signs of this 
ſmall Circle keep parallel to themſelves, and to thoſe of the great 
Ecliptic. When it is taken off, and the ſolar Ray # drawn farther 
out, ſo as almoſt to touch the Horizon H, or the Quadrant of Alti- 
tude, the Horizon being rectified to-any given; Latitude, and the Earth 
turned round its Axis by hand, the point of the Wire  ſhews the 
Sun's Declination in paſſing over the graduated braſs Meridian, and 
his height at any given time upon the Quadrant of Altitude, toge- 
ther with his Azimuth, or Point of Bearing upon the Horizon at that 
time; and likewiſe his Amplitude, and time of Riſing and Setting 
by the hour Index, for any day of the year that the annual Index U 
: K k points 
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points to in the Circle of Months below the Sun. Mis a ſolar Index 
of Pointer, ſupported by the Wire L, which is fixt into the knob K : 


the uſe of this Index is to ſfrew the Suns place in the Ecliptic every 


day in the year; for it goes over the Signs and Degrees as the Index 
U goes over the months and days; or rather as they paſs under the 
Index U, in moving the covering plate with the Earth and its Furniture 


round the Sun; for the Index U is fixt tight on the immoveable Axis 


in the Center of the Machine. K is a knob or handle for moving 
the Earth round the Sun. oY | | 

As the Earth is carried round the Sun, its Axis conſtantly keeps 
the fame oblique direction, or parallel to itſelf, & 48, 191, ſhewing 
thereby the different lengths of days and nights at different times of 
the year, with all the various ſeaſons. And, in one annual revo- 
lation of the Earth, the Moon M goes 125 times round it from 
Change to Change; having an occafional proviſion for ſhewing her 


different Phaſes. ''The lower end of her Axis bears by a ſmall fric- 


tion wheel upon the inclined Plane T, which cauſes the Moon to riſe 
above and fink below the Fchiptic R in every Lunation, croſſing it 
in her Nodes, which ſhift backward through all the Signs and De- 
grees of the Ecliptic R, by the retrograde Motion of the inclined 
Plane J, in 18 years and 22 5 days. On this Plane the Degrees and 
Parts of the Moon's North and South Latitude are laid down from 
both the Nodes, one of which, wiz. the Deſcending Node, appears 
at o, by DN above B; the other Node being hid from Sight on this 


Plane by the plate PP; and from both Nodes, at proper diſtances, 


as in the other Orrery, the limits of Eelipſes are marked, and all the 
lar and lunar Eclipſes are ſhewn in the ſame manner, for any given 
year, within the limits of '6000, either before or after the Chriſtian 

Era. On the plate thut covers the wheel-work, under the Sun &, 
and round the knob N are aſtronomical Tables, by which the Ma- 
chine may be rectiſied to the beginning of any given year within theſe 
limits, in three or four minutes of time; and when once ſet right, 


may be turned backward for 3oo years paſt, or forward for as many _ 


to come, without requiring any new rectification. And there is a 
method for its adding up the 29th of February every fourth year, and 
allowing only 28 days to that month for every other three : but a!l 
this being performed by a particular manner of cutting the teeth of 
the wheels, and dividing the month circle, too long and intricate to 
be deſcribed here, I ſhall only ſhew how theſe motions may be per- 
formed near enough for common uſe, by wheels with grooves and 
cat- gut ſtrings round them, only here I muſt put the Operator in 

2 | mind 
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mind that the grooves are m he made ſharp (not round) bottom ' d 
to keep the ſtrings from ſlipping. | E 2's 

Ihe Moon's Axis moves up and down in the focket N fixt into bar 
O (which carries her round the Earth) as ſhe xiſes above, or ſinks be- 
low, the Ecliptic ; and immediately below the inclined Plane T is a 
flat circular plate (between and 7) on which the different Excen- 
tricities of the Moon's Orbit are laid down; and likewiſe her. mean 
Anomaly, and elliptic Equation, by which her true Place may be 
very nearly found at any time. Below this Apogee-plate, which 
ſhews the Anomaly, &c. is a circle 7 divided into 29: equal parts which 
are the days of the Moon's age: and the forked end A of the Index 
AB (Fig. II.) may be put into the Apogee - part of this plate; there 
being juſt ſuch another Index to put into the inclined Plane T at the 
Aſcending Node; and then the curved points B of theſe Indexes 
ſhew the direct motion of the Apogee, and retrograde motion of the 
Nodes through the Ecliptic R, with their Places in it at any given 


time. As the Moon M goes round the Earth E, ſhe ſhews her Place 


every day in the Ecliptic R, and the lower end of her Axis ſhews her 


Latitude, and diſtance from her Node on the inclined Plane 7, alſo 


her diſtance from her Apogee and Perigee, together with her mean 
Anomaly, the then Excentricity of her Orbit, and her elliptic Equa- 
tion, all on the Apogee Plate, and the day of her age in the Cirele 
of 295 equal parts; for every day of the year pointed out by the an- 
nual Index V in the Circle of months. . | 1 
Having rectified the Machine by the Tables for the beginning of 
any year, move the Earth and Moon forward by the knobX, until the 
annual Index comes to any given day of the month; then ſtop, and 
not only all the above Phenomena may be ſhewn for that day, but 
alſo, by turning the Earth round its Axis, the Declination, Azimuth, 
Amplitude, Altitude of the Moon at any hour, and the times of her 
Riſing and Setting, are ſhewn by the Horizon, Quadrant of Altitude, 
and hour Index, And in moving the Earth round the Sun, the days 
of all the New and Full Moons, and Eclipfes, in any given year, 
are ſhewn. The Phenomena of the Harveſt Moon, and thoſe' of the 
Tides, by ſuch a cap as that in Plate 9, Fig. 10, put upon the 
Earth and Moon, together with the ſolution of many problems not 
here related, are made conſpicuous. | 
The eaſieſt, though not the beſt way, that I can inſtruct any me- 
chanical perſon to make the wheel-work of ſuch a machine, is as 
follows; which is the way that I made it, before I thought of _— 
| KR R 2 ers 
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PL. VII. bers exact enough to make it worth the trouble of cutting teeth in 


Fig, III. 


the wheels. ZN 

Fig. 3d of Plate th is a ſection of this Machine; in which ABCD 
is a frame of wood held together by four pillars at the corners, 
whereof two appear at AC and BD. In the lower Plate CD of this 
Frame are three ſmall friction-wheels, at equal diſtances from each 


other; two of them appearing at e and e. As the frame is moved 


round, theſe wheels run upon the fixt bottom Plate EE, which ſup- 


orts the whole work. | 
In the Center of this laſt mentioned Plate is fixed the upright 


Axis FF, and on the Axis is fixt the wheel HHH; in which are 


four grooves J, X, E, L, of different Diameters. In theſe grooves 
are cat-gut ſtrings going alſo round the ſeparate wheels M, N, O, 


and P. 


The wheel M is fixt on a ſolid Spindle, or Axis, the lower pivot 


of which turns at R, in the under Plate of the moveable frame 


ABCD; and on the upper end of this Axis is fixt the Plate oo 


(which is PP, under the Earth, in Fig. 1.) and to this Plate is fixt 


at an Angle of 23 Degrees inclination, the Dial-plate below the 
Earth T, on the Axis of which the Index is turned round by the 
Earth. This Axis, together with the Wheel 2, and Plate oo, keep 
their paralleliſm in going round the Sun Ss. | 


On the Axis of the wheel AM is a moveable ſocket, on which 


the ſmall wheel N is fixed; and on the upper end of this ſocket is 

ut on tight (but ſo as it may be occaſionally turned by hand) the 
be ZZ (viz. the bar O in Fig. 1.) which carries the Moon n round 
the Earth 7, by the Socket u, fixt into the bar. And, as the Moon 
goes round the Earth, her Axis riſes and falls in the Socket ; be- 
cauſe, on the lower end of her Axis, which is turned inward, there 


is a ſmall friction Wheel s, running on the inclined Plane X (which 


is T in Fig. 1.) and ſo cauſes the Moon alternately to riſe above and 
fink below the little Ecliptic Y' Y (R in Fig. 1.) in every Lunation. 

On the Socket, or hollow Axis of the Wheel NM, there is another 
Socket, on which the Wheel O is fixt; and the Moon's inclined 
Plane X, is put tightly on the upper end of this Socket, not on 
a ſquare, but on a round, that it may be occaſionally ſet by hand, 
without wrenching the Wheel or Axle. 

Laſtly, on the hollow Axis of the Wheel O is another Socket on 
which is fixed the Wheel P, 'and on the upper end of this Socket 
is put on tightly the Apogee-plate Y, (zhat immediately below . in 

| | 118. 
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Fig. 1.) all theſe Axles turn in the upper Plate of the moveable 
frame at 2; which Plate is covered with the thin Plate cc (ſcrewed 
5 it) whereon are the fore- mentioned Tables and month Circle in 
ig. I. 1 | | 
The middle part of the thick fixed Wheel HHH is much broader 
than the reſt of it ; and comes out between the Wheels M and O, 
almoſt to the Wheel N. To adjuſt the diameters of the grooves of 
this fixt wheel to the grooves of the ſeparate Wheels M, N, O, and P, 
fo as they may perform their motions in the proper times, the fol- 
lowing method mult be obſerved. | 
The groove of the Wheel M, which keeps the paralleliſm of the 
Earth's Axis, muſt be preciſely of the ſame Diameter as the lower 
Groove I of the fixt Wheel HHH ; but, when this Groove is ſo well 
adjuſted as to ſhew, that in ever ſo many annual revolutions of the 
Earth, its Axis keeps its paralleliſm, as may be obſerved by the ſolar 
Ray V (Fig. 1.) always coming preciſely to the fame Degree of the 
ſmall Ecliptic R, at the end of every revolution, when the Index 1 
points to the like Degree in the great Ecliptic ; then, with the edge 
of a thin File, give the groove of the Wheel M a ſmall rub all round; 
and by that means, leſſening the Diameter of the groove, perhaps 
about the 2oth part of a hair's breadth, it will cauſe the Earth to 
ſhew the preceſſion of the Equinoxes; which, in many annual revo- 
lutions, will begin to be ſenſible, as the Earth's Axis ſlowly deviates 
from its paralleliſm, § 239, towards the antecedent Signs of the 
Ecliptic. | l | 
The Diameter of the groove of the Wheel N, which carries the 
Moon round the Earth, muſt be to the Diameter of the Groove X, 
as a Lunation is to a year; that is, as 29 to 365+. 
The Diameter of the groove of the Wheel O, which turns the 


inclined Plane X with the Moon's Nodes backward, muſt be to the 


Diameter of the Groove &, as 20 to 1875. And, 

Laſtly, the Diameter of the groove of the Wheel P, which carries 
the Moon's Apogee forward, muſt be to the Diameter of the Groove 
L as 70 to 62. | 

But, after all this nice adjuſtment of the Grooves to the proportional 
times of their reſpective Wheels turning round, and which ſeems to 
promiſe very well in Theory, there will ſtill be found a neceſſity of 
a farther adjuſtment by hand ; becauſe proper allowance muſt be made 
for the Diameters, or thickneſs of the cat-gut ſtrings : and the Grooves 
muſt be fo adjuſted by hand, as in the time that the Earth is once 


moved round the Sun, the Moon muſt perform 12 ſynodical revolu- 


tions 
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PLATE III tions round the Earth, and be almoſt 11 days old in her I ;th revo- 


lution. The inclined Plane, with its Nodes, muſt go once round 
backward through all the Signs and Degrees of the ſmall Ecliptic in 
18 annual revolutions of the Earth, and 225 days over. And the 
Apogee-plate muſt go once round forward, ſo as its Index may go 
over all the Signs and Degrees of the ſmall Ecliptic in eight years . 
fo many annual revolations of the Earth) and 312 days over. 

N B. The ſtring which goes round the Grooves X and N for che 
Moon's Motion, muſt croſs between theſe Wheels; but all the reſt 
of the ſtrings go in their reſpective Grooves 1M, &O, and LP, with- 
out croſſing. 

405. The eee This curious Machine was invented 
by the late Doctor DFESAGULIERS, for ſhewing the Motion of a 
Comet, or excentric Body moving round the Sun, deſcribing equal 
Areas in equal times, 5 144, and may be ſo contrived as to ſhew ſuch 
a Motion Fa any Degree of Excentricity. 

The dark elliptical Groove round the letters abca: efghiklma is 
Orbit of the Comet Y, which is carried round in the 3 e 
ing to the order of letters, by the Wire ] fixt in the Sun &, and ſlides 
on the Wire as it approaches nearer to, or recedes farther from the 
Sun, being neareſt of all in the Perihelion a, and fartheſt in the 
Aphelion g. The Areas 486, ösSc, côd, &c. or contents of theſe ſe- 
veral Triangles are all equal; and in every turn of the Winch N the 


Comet is carried over one of theſe Areas ; conſequently in as much 


time as it moves from f to g, or from g to , it moves from m to a, 
or from ato 5; and ſo of t : reſt, being quickeſt of all at 2, and 
ſloweſt at g. Thus, the Comet's velocity in its Orbit continually de- 
creaſes from the Perihelion à to the Aphelion g; and increaſes in the 
ſame proportion from g to 9. 

The elliptic Orbit is divided into 12 equal Parts or Signs, with their 
reſpective Degrees; and ſo is the Circle 2 Pqrstn, which repreſents 
a great Circle in the Heavens, and to which all the fixed Stars in the 
Comet's way are referred. Whilſt the Comet moves from f to g in 
its Orbit, it appears to move only about 5 Degrees in this Circle, as 
is ſhewn by the ſmall knob on the end of the Wire V; but in as 
ſhort time, the Comet moves from n to a, or from à to , and it 
appears to deſcribe the large ſpace rn or uo in the Heavens, either of 
which ſpaces contains 120 Degrees, or four Signs. Were the Ex- 
centricity of its Orbit greater, the greater ſtill would be the differ- 
ence of its Motion, and vice verſa. 
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ABCDEFGHIKL MA is a circular Orbit for ſhewing the equable pLATEIII. 


Motion of a Body round the Sun &, deſcribing equal Areas ASB, 
BSC, &c. in equal times with thoſe of the Body Y in its elliptical 
Orbit above deſcribed ; but with this difference, that the circular Mo- 
tion deſcribes the equal Arcs AB, BC, &c. in the fame equal times 
that the elfiptical Motion deſcribes the unequal Arcs 46, bc, &c. 
Now, ſuppoſe the two Bodies 7” and 1 to ſtart from the Points 
and A at the ſame moment of time, and each having gone round 
its reſpective Orbit, to arrive at theſe Points again at the ſame inſtant, 
the Body Y will be forwarder in its Orbit than the Body 1, all the 
way from à to g, and from A to G; but 1 will be forwarder than T 
through all the other half of the Orbit ; and the difference is equal 
to the Equation of the Body Y in its Orbit, At the Points a, A, and 
g. G, that is, in the Perihelion and Aphelion, they will be equal; 
and then the Equation vaniſhes. This ſhews why the Equation of 
the moving Body, in an elliptic Orbit, is added to the mean or ſup- 
poſed circular Motion, from the Perihelion to the Aphehon, and ſub- 
tracted from the Aphelion to the Perihelion, in Bodies moving round 
the Sun, or from the Perigee to the Apogee, and from the Apogee to 
the Perigee, in the Moon's Motion round the Earth, according to 
the Precepts in the 3 56th Article; only we are to conſider, that when 
Motion is turned into Time, it reverſes the titles in the Table in- 
tituled, The Moon's elliptic Equation. 


+ Þ 


This curious Motion is performed in the following manner. ABC ig v. 


is a wooden bar (in the box containing the wheel-work) above 
which are the wheels D and E; and below it the elliptic Plates FF 
and GG, each Plate being fixt on an Axis in one of its Focuſes, at 
E and K; and the Wheel E is fixt on the ſame Axis with the Plate 
FF. Theſe Plates have Grooves round their edges, preciſely of 
equal Diameters to one another, and in theſe Grooves is the cat-gut 
ſtring gg, gg, croſſing between the Plates at PD. On H, the Axis of the 
handle or winch N in Fig. 4th, is an endleſs ſcrew in Fig. 5, 4 
in the Wheels D and E, whoſe numbers of teeth being equal, an 

ſhould be equal to the number of lines 48, 58, cd, &c. in Fig. 4, 
they turn round their Axis in equal times to one another, and to the 
Motion of the elliptic Plates. Por, the Wheels D and E having 
equal numbers of teeth, the Plate FF being fixt on the fame Axis 
with the Wheel E, and the Plate FF turning the equally big Plate 
GG by a cat-gut ſtring round them both, they muſt alt go round 
their Axis in as many turns of the handle N as either of the wheels 


has teeth. N 
. Tis 
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Tis eafy to ſee, that the end þ of the elliptical Plate FF being far- 
ther from its Axis E than the oppoſite end i is, muſt deſcribe a Circle 
ſo much the larger in proportion; and therefore move through fo 
much more ſpace in the fame time; and for that reaſon the end þ 
moves ſo much faſter than the end i, although it goes no ſooner round 
the Center E. But then, the quick-moving end h of the Plate FF 
leads about the ſhort end H&K of the Plate GG with the ſame velocity; 
and the flow moving end i of the Plate FF coming half round as 
to B, muſt then lead the long end & of the Plate GG as ſlowly about: 
So that the elliptical Plate FF, and its Axis E, moves uniformly and 
equally quick in every part of its revolution, but the elliptical Plate 
GG, N with its Axis K, muſt move very unequally in different 
parts of its revolution; the difference being always inverſely as the 
diſtance of any point of the Circumference of GG from its Axis at 
K: or in other words, to inſtance in two points, if the diſtance && 
be four, five, or fix times as great as the diſtance .Kh, the Point þ 
will move in that poſition four, five, or ſix times as faſt as the Point 
& does, when the Plate GG has gone half round : and fo, on, for any 
other Excentricity, or difference of the Diſtances Kk and Kh. The 
tooth i on the Plate FF falls in between the two teeth at & on the 
Plate GG, by which means the revolution of the latter is ſo adjuſted 
to that of the former, that they can never vary from one another. 

On the top of the Axis of the equally moving Wheel D, in Fig. 
5th, is the Sun S in Fig. 4th, which Sun, by the Wire Z fixt to it, 
carries the Ball 1 round the Circle ABCD, &c. with an equable Mo- 
tion, according to the order of the letters: and on the top of the 

Axis K of the unequally moving Ellipfis GG, in Fig. 5th, is the Sun 
S in Fig. 4th, carrying the Ball Y unequably round in the elliptical 
Groove a bc d, &c. in the ſame order. N. B. This elliptical Groove 
muſt be preciſely equal and fimilar to the verge of the Plate GG, 
which is alſo equal to that of FF, | 

In this manner Machines may be made to ſhew the true Motion 
of the Moon about the Earth, or of any Planet about the Sun, by 
making the elliptical Plates of the ſame Excentricities in proportion to 
the Radius, as the Orbits of the Planets are whoſe Motions they re- 

reſent : and fo, their different Equations in different parts of their Or- 
bits may be made plain to ſight; and clearer Ideas of their Motions 
and Equations acquired in half an hour, than could be gained from 
reading half a day about ſuch Motions and Equations. 

406. The IMproveD CRIISTIAL GLoBE. On the north Pole of 
the Axis, above the Hour Circle, is fixt the Arch MKH, of 23 De- 


2 | grees ; 


Collets at D and H, to which are fixed the n Wires N and ef. ATE Vi. 
un and Moon, as in the big. III. 


O, having two little Balls on their ends ſor the 
Figure. The Collet D. is fixt to the circular Plate F, whereon the 
29 days of the Moon's age are engraven, which begin juſt under 
the Sun's Wire N; and as this Wire is moved round the Globe, the 
Plate F turns round with it. Theſe Wires are eaſily turned if the 
Screw G be ſlacken d; and when they are ſet to their proper places, 
the Screw, ſerves to fix them there, ſo as in turning the Ball 
of the Globe, the Wires with the Sun and Moon go round with 
it; and theſe two little Balls riſe and ſet at the ſame times, and on the 
ſame points of the Horizon, for the day to which they are rectified, as 
the Sun, and Moon do. in the Heavens 
Becauſe the Moon keeps not her courſe in the Ecliptic (as the Sun 
appears to do) but has a Declinatien of 5 Degrees on each fide from, 
it in every Lunation, $ 311, her Ball is. made fo, as that it may be 
{ſcrewed as many: Degrees to either fide of the Ecliptic, as her Latitude 
or. Declination ſrom the Ecliptic amounts to, at any given time; and 
for this purpoſe, 5 is a ſmall piece of paſteboard, the curved. edge 8 
to be ſet upon the Globe at right Angles to the Ecliptic, and the dark 
line over S to ſtand upright upon it. From this line, on the convex 
edge are dran the 5 Degrees of the Moon's Latitude on both ſides 
of the Ecliptic * when this piece is ſet upright on the Globe, its 
graduated edge. reaches to the Moon on the Wire O, by which 


means ſhe is eaſily adjuſted to her Latitude found by an Ephe- 


nn TRL „ Fav 
The Horizon is ſupported by two ſemicircular Arches, becauſe 
Pillars would ſtop tlie progreſs of the Balls, when they go below the 
Horizon in an oblique ſphere. V 
To rectiſy the Globe. Elevate the Pole to the Latitude of the place; 
then bring the Sun's place in the Ecliptic for the given day to the 
braſen Meridian, and ſet the Hour Index to XII at noon, that is, to 


the upper XII on the Hour Circle; Keeping the Globe in that ſitua- To retiiy it, 


tion, flacken the Screw G, and ſet the Sun directly over his place on 
the Meridian; which done, ſet the Moon's Wire under the number 
that expreſſes her age for that day on the Plate F, and ſhe. will then 
ſtand over her place in the Ecliptic, and ſhew in what Conſtellation 
| ſhe is. Laſtly, faſten the Screw G, and laying the curved edge 
of the paſteboard & over the Ecliptic, below the Moon, adjuſt . to 

1 171˙ N 
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her Latitude over the graduated edge of the paſteboard; and the 

| Globe with be „ je i 997 BOT ELL EO, WO 
Its uſes, Having thus rectified the Globe, turn it round, and obſerve on 
what points of the Horizon the Sun and Moon Balls rife and ſet, for 

theſe agree with the points of the Compaſs on which the Sun and 

Moon riſe and ſet in the Heavens on the given day; and the Hour 

Index ſhews the times of their riſing and ſetting; and likewife the 

time of the Moon's paſſing over the Meridian. 

This fimple Apparatus B all the varieties that can happen in 
the riſing and ſetting of the Sun and Moon; and makes the fore- 
mentioned Phenomena of the Haryeſt Moon (Chap. XI.) plain to 

the Eye. It is alſo very uſeful in reading Lectures on the Globes, 

becauſe a large company can ſee this Sun and Moon going round, 

riſing above, and ſetting below, the Horizon, at Affe times, ac. 

cording to the ſeaſons of the year; and making their appulſes to dif- 

ferent fixt Stars. But, in the ufual way, where there is only 

the places of the Sun and Moon in the Ecliptic to - a Eye 

upon, they are eaſily loſt ſight of, unleſs covered with Patches. 

1hePLanzr- 407. The PLANETARY GLOBE. In this Machine 7 is à terteftriat 
PL va Globe fixt on its Axis, ſtanding upright on the Pedeftal CDE, on 
big. V. Which is an Hour Circle, having its Index fixt on the Axis, which 
turns ſomewhat tightly in the Pedeſtal, ſo that the Globe may not 

be liable to ſhake ; to prevent, which the Pedeſtal is about two Inches 

thick, and the Axis goes quite through it, bearing on à ſhoulder. 

The Globe is hung in a graduated braſen Meridian, much in the 

1 uſual way; and the thin Plate N, NE, E, is a moveable Horizon, 
= - graduated round the outer edge, for ſhewing the Bearings and Am- 
| plitudes of the Sun, Moon, and Planets. The braſen Meridian is 
grooved round the outer edge; and in this Groove is a ſlender Semi- 
circle of braſs, the ends of which are fixt to the Horizon in its north 
and ſouth Points; and flides in the Groove as the Horizon is moved 
in rectifying it for different Latitudes. To the middle of this Semi- 
circle is fixt a Pin, which always keeps in the Zenith of the Horizon, 
and on this Pin turns the Quadrant of Altitude 9, the lower end of 
which, in all Poſitions, touches the Horizon as it is moved round the 
fame. The 1 is divided into 90 Degrees from the Horizon 
to the zenithal Pin on which it is turned. The great flat Circle or Plate 
| : AB is the Ecliptic, on the outer edge of which, the Signs and De- 
grees are laid down, and every fifth Degree drawn through the reſt 
of the ſurface of this Plate towards its Center, which is coincident 
with the Center of the Globe. On this Plate are feven Grooves, to 
9 2 which 
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which ſeven little Balls are adjuſted by ſliding Wires, ſo that they are 
eaſily moved in the Grooves, without danger of ſtarting out of them. 
The Ball next the terreſtrial Globe is the Moon, the next without it, 
Mercury; the next, Venus; the next, the Sun; then; Mars; then, 
Jupiter; and laſtly, Saturn; and in order to know them, they are 
ſeparately ſtampt with the following Characters; Y, 5, 9, O., &, 
, b. This Plate, or Ecliptic is ſupported by four ſtrong Wires, 
having their lower ends fixt into the Ped * 1 

fourth being hid by the Globe. The Ecliptic is inclined 234 De- 
grees to the Pedeſtal, and is therefore properly inclined to the Axis of 
che Globe, which ſtands upright on the Pedeſtal. ; þ: 24; 


* 


eſtal, at C, D, and E, the 


To rectiſ this Machine. Set all the planetary Balls to their geocen- To redify it. 


tric places in the Ecliptic, by .an Ephemeris, for any given time': then, 
ſet the North Point of the Horizon to the Latitude of your place on 


the braſen Meridian, and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe, with its Furniture; till 
the Quadrant of Altitude comes right againſt the Sun; uiz. to his 
place in the Ecliptic; and keeping it there, ſet the Hour Index to 
the XII next the letter C; and the Machine will be rectified, not 
only for the following Problems, but for ſeveral others, which the 
Artiſt may eaſily find out. oe " | 91511 
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To find the Amplitudes, Meridian Altitudes, and times ' of  Rifing, 
Culminating, and Setting, of the San, Moon, and Planets. 


£ * 


Turn the Globe round eaſtward, or according to the order of lis uſes. 


Signs ; and as the eaſtern edge of the Horizon comes right againſt 


the Sun, Moon, or any Planet, the Hour Index will ſhew the time 
of its riſing; and the inner edge of the Ecliptic will cut its riſing 
Amplitude in the Horizon. Turn on, and as the Quadrant of Alti- 
tude comes right againſt the Sun, Moon, or Planets, the Ecliptic cuts 
their meridian Altitudes in the Quadrant, and the Hour Index ſhews 
the times of their culminating, or coming to the Meridian. Con- 
tinue turning, and as the weſtern edge of the Horizon comes right 
againſt them, their ſetting Amplitudes are cut in the Horizon by the 
Ecliptie ; and the times of their ſetting are ſhewyn by the Index on 
the Hour Circle. | od % a. 0 Geh 154; 
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7 find the Altitide and Azimuth of the Sun, Ae Fe Planet at 
any time of their being abide Horizon. os 10 


Turn the Globe till the Iodex comes to the given time in the 
Hour Circle; then keep the Globe ſteady, and moving the Quadrant 
of Altitude to each Planet 1. ere the edge of the Ecliptic will 
cut the Planet's Altitude on e Quadrant, and the fo will cut 
its Azimuth, or Point of Bearing; on the Horizon. | 


"PROBLEM = "Hoa 


The Sun's Altitude being given, at any time, either before” or . 


Noon, to find the Hour F the. gd and the V. ariats on of lle Com- 
paſs, in any known Latitude. 5 218 


With one hand Hold the her ge "pp! the Quadrant right againſt the 
sun; and, with the other bang” turn the Globe weſtward, if it be in 
the non, or eaſtward if it be in the afternoon, until the Sun's 
place, at the inner edge of the Ecliptic, cuts the Quadrant in the 
Sun's obſerved Altitude ; and then the Hour Index will point out the 
time of the day ; and the Quadrant will, cut the true Azimuth, or 
Bearing of the Sun for that time: The difference between which, 
and the Bearing ſhewn by the Azimuth Compaſs, ſhews the variation 
of the Compaſs in that place of the Earth. 

408. The TRA TTC TORIUN Lux ARE. This Machine is for deli- 


neating the paths of the Earth and Moon, ſhewing what ſort of 
Curves they make in the etherial regions; and was juſt mentioned in 
the 274th Article. S is the Sun, and E the Earth, whoſe Centers 


are 81 Inches diſtant from each other; every Inch 3 to a 


Million of Miles, $47. M is the Moon, whoſe Center is 25 parts 
of an Inch from the Earth's in this Machine, which is in juſt pro- 


portion to the Moon's diſtance from the Earth, 5 52. AA is a Bar 


of Wood to be moved by hand round the Axis . which is fixt in 


the Wheel 7: The Circumference of this Wheel is to the Circum- 


ference of the ſmall Wheel L (below the other end of the Bar) as 


365* days is to 294; or as a Year is to a Lunation. The Wheels 
are grooved round their edges, and in the Grooves is the cat gut 


ſtring GG, * between the Wheels at X. On the Axis e 
Wheel 


The TrxajncrorIuM Lunare deſcribed. 


Wheel L is the Index F, in which is fixt the Moon's Axis M for 


carrying her round the Earth E (fixt on the Axis of the Wheel L/ 
in the time that the Index goes round a Circle of 291 equal parts, 
which are the days of the Moon's age. The Wheel 7 has the Months 
and Days of the year all round its Limb; and in the Bar AA is fixt 


the Index 7, which points out the Days of the Months anſwering to 


the Days of the Moon's age, ſhewn by the Index F, in the Circle of 
294 equal parts, at the other end of the Bar. On the Axis of the 
Wheel L is put the piece D, below the Cock C, in which this Axis 
turns round; and in D are put the Pencils e and , directly under 
the Earth E and Moon M; fo that mz is carried round e as M is 
round E. 7 * Ip 7 
Lay the Machine on an even Floor, preſſing gently on the Wheel 
Y, to cauſe its ſpiked Feet (of which two appear at P and P, the third 
being ſuppoſed to be hid from ſight by the Wheel) enter a little into 
the Floor, to ſecure the Wheel from turning. Then, lay a paper 
about four foot long under the Pencils e and m, croſs-wiſe to the Bar ; 
which done, move the Bar ſlowly round the Axis g of the Wheel 
Y; and, as the Earth E goes round the Sun S, the Moon M will 
go round the Earth with a duly proportioned velocity; and the friction 
Wheel V running on the Floor, will keep the Bar from bearing too 
heavily on the Pencils e and n, which will delineate the paths of the 
Earth and Moon, as in Fig. 2d, which is already deſcribed at large, 
§ 272, & eg. As the Index I points out the Days of the Months, 
the Index F ſhews the Moon's age on theſe Days, in the Circle of 
29 equal parts. And as this laſt Index points to the different Days 
in its Circle, the like numeral Figures may be ſet to thoſe parts of the 
Curves of the Earth's Path and Moon's, where the Pencils e and m 
are at thoſe times reſpectively, to ſhew the places of the Earth and 
Moon. If the Pencil e be puſhed off, as if from the Pencil m, to about 
th part of their diſtance, and the Pencil »z puſhed as much towards 
e, to bring them to the ſame diſtances again, though not to the ſame 
points of ſpace, as 77 goes round e, e will go, as it were, round the 
Center of Gravity between the Earth e and Moon , & 289: but this 
Motion will not ſenſibly alter the appearance of the Figure. — 

If a Pin, as þ be put through the Pencil n, with its head towards 
that of the Pin 9 in the Pencil e, its head will always keep thereto, 
as m goes round e, or as the ſame fide of the Moon is ſtill ob- 
verted to the Earth. But the Pin p, which may be conſidered as 
an equatoreal Diameter of the Moon, will turn quite round the 


Point n, making all poſſible Angles with the Line of its * or 
oon's 
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Moons Path: Which is an ocular proof of the Moon's turriing 


round her own Axis. A ne dh bagor wr gnivrie> 
409, The Tipe Dr. The outſide parts of this Machine con- 
fiſt of, 1. An eight-fided Box, on the top of which, at the corners, is 
ſhewn'the Phaſes of the Moon, at the; Oftants, Quarters, and Full. 
Within theſe is a Circle of 294 equal parts, which are the days of 
the Moon sage accounted-from: the $un at New Moon, round to the 
fame again. Within this Circle is one of 24 hours, divided into their 
reſpective Halves and Quarters. 2. A moving elliptical Plate, painted 
blue, to repreſent the riſing of the Tides, under, and oppoſite to, the 
Moon; and has the words, High Water, Tide falling, Low Water, 
Tide ne, marked upon it. To one end of this Plate is fixt the 
Moon M. y the Wire V, and goes along with it. 3. Above this 
elliptical Plate is a round one, with the Points of the Compaſs upon 
it; and the names of above 200 places in the large Machine (but 
only 32 in the Figure, to avoid confuſion) ſet over «thoſe Points on 
which the Moon bears when ſhe raiſes the Tides to the greateſt 
heights at them, twice in every lunar day: and to the north and ſouth 
Points of this Plate are fixt two Indexes, I and K, which ſhew the 
times of High Water at all theſe pages, in the Hour Circle. 4. Be- 
low the elliptical Plate are four ſmall Plates, two of which project 
out from below its ends at New and Full Moon; and fo, by length- 
ening the Ellipſe, ſhew the Spring Tides, which are then raiſed to 
the greateſt heights by the united attractions of the Sun and Moon, 
$ 295. The other two of theſe ſmall Plates appear at low water, 
or at the ſides of the elliptic Plate, when the Moon is in her Qua- 
dratures, to ſhew the Nepe Tides; the Sun and Moon then acting 
croſs-wiſe to each other. When any two of theſe ſmall Plates ap- 
pear, the other two are hid; and when the Moon is in her Octants 
they will diſappear, there being neither Spring nor Nepe Tides at thoſe 
times. Within the Box are a few Wheels for performing theſe Mo- 
tions by the Handle or Winch H. | 
Turn the Handle until the Moon M comes to any given day of 
her age in the Cirele of 294 equal parts, and the Moon's Wire V 
will cnt the time of her coming to the Meridian on that day, in the 
Hour Circle ; the XII under the Sun being Mid-day, and the op- 
poſite XII Mid- night: then, looking for the name of any given place 
on the round Plate (Which makes 29+ rotations, whilſt the Moon M 
makes only one revolution from the Sun to the Sun again) turn the 
Handle till chat place comes to the word High Water under the 
Moon, and the Index which falls among the Afternoon Hours will 
: oy | ſhew 
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ſhew the time of high water at that place in the ,afternoon of the 
given day: then turn the Plate half round, till the ſame place comes 
to the oppoſite High Water Mark, and the Index will ſhew the 8 
time of High Water in the forenoon at that place. And thus, as all e 
the different places come ſucceſſively, under and oppoſite to the Mon. 
the Indexes ew the times of High Water to them in both parts of 
the day: and when they come to the Low Water Marks, the Indexes 
ſhew the times of Low Water. For about tWo days before and after 
the times of New and Full Moon, the two ſmall Plates come out 
a little way from below the High Water Marks on the elliptical 
Plate, to ſhew that the Tides riſe ſtill higher about theſe times: and 
about the Quarters, the other two Plates come out a little from be- 
low the Low Water Marks, towards the Sun, and on the oppoſite a 
ſide; ſhewing that the Tides of Flood rife not ſo high, nor the Den 
of Ebb fall fo low, as at other Ss. ion 8 3 
By pulling the Handle a little way outward, it is diſengaged from 
the Wheel-work ; and then, the upper Plate may be turned round . 
very quickly by hand, ſo as the Moon may be brought to any given * 
day of her age in about a quarter of a minute. # 
On AB, the Axis of the Handle H, is an endleſs Screw C, which The indes 
turns the Wheel FED of 24 teeth, round in 24 revolutions of the 3 W 
Handle; this Wheel turns another OVG of 48 teeth, and on its 
Axis is the Pinion P of four leaves, which turns the Wheel LRIrig. vi, 
of 59 teeth round in 29 turnings or rotations of the Wheel FED, | 
or in 708 revolutions of the Handle, which is the number of Hours 
in a ſynodical revolution of the Moon. The round Plate with the 
names of places upon it, is fixt on the Axis of the Wheel FED; 
and the Elliptical or Tide Plate, with the Moon fixt to it, is upon 
the Axis of the Wheel LXI; conſequently, the former makes 29+ 
revolutions in the time that the latter makes one. The whole 
Wheel FED with the endleſs Screw C, and dotted part of the Axis 
of the Handle AB, together with the dotted'part of the Wheel ONG, 
lie hid below the large Wheel LK. + © © 
Fig. 9th repreſents the under fide of the Elliptical or Tide Plate... 

abcd, with the four ſmall Plates, ABCD, EFGH, IKLM, VE 
upon it: each of which has two flits through it, as TT, $$, RR, UU, | 

fliding on two Pins, as 7 u, fixt in the elliptical Plate. In the four __ © 
ſmall Plates are fixt four Pins, at V, X, T, and Z; all of which work 5 
in an elliptic Groove ooo, on the cover of the Box below the 
elliptical Plate; the longeſt Axis of this Groove being in à right line 


with the Sun and Full Moon. Conſequently, when the Moon is 
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in Conjunction or Oppoſition, the Pins Wand & thruſt out the Plates 
ABCD and IKLM, a little beyond the ends of the elliptic Plate at 
d and 5, to f and e; whi'ſt the Pins and Z draw in the Plates 
EFGH and :NOPY, quite under the elliptic Plate to g and h. But, 
when the Moon comes to her firſt or third Quarter, the elliptic Plate 


lies acroſs the fixt elliptic Groove in which the Pins work; and there- 


fore the end Plates 4BCD and IK LM are drawn in below the great 
Plate, and the other two. Plates EFGH and VO are thruſt out 
beyond it to @ and c. When the Moon is in her Octants, the Pins 
„ AX. 7, Z, are in the parts o, o, o, o, of the elliptic Groove, which 
are at a mean between the greateſt and leaſt diſtances from the 
Center 9, and then all the four leſſer Plates diſappear below the 
great one. 

410. The Ee 1 IPSAREON. This piece of Mechaniſm, n the 
Time, Quantity, Duration, and FN of lolar E clipſes, at all Parts 
of the Earth. 

The principal parts "+ this Machine are, 1. A elta Globe A 
turned round its Axis B by the Handle or Winch M; the Axis 
B inclines 23 Degrees, and has an Index which goes round the 
Hour Circle D in each rotation of the Globe. 2. A circular Plate E, 
on the Limb of which the Months and Days of the year are inſerted. 
This Plate ſupports the Globe, and gives its Axis the ſame poſition 
to the Sun, or to a candle ede placed, that the Earth's Axis has 
to the Sun upon any day of the year, $ 332, by turning the Plate 
till the ſame, Day of . Month comes to the fixt Pointer, or annual 
Index G. 3. A crooked Wire F, which points toward the middle 


of the Earth's enlightened Diſc at all times, and ſhews to what place 


of the Earth the Sun is vertical at any given time. 4. A Penumbra, 
or thin circular Plate of braſs I, divided into 12 Digits by 12 con- 
centrick Circles, which repreſent a Section of the Moon's Penumbra, 
and is proportioned to the ſize of the Globe; ſo that the ſhadow of 
this Plate, ſormed by the Sun, or a candle placed at a convenient 
diſtance, with its Rays tranſm'tted through a convex, Lens, to make 
them fall parallel on the Globe, covers exactly all thoſe places upon 


it that the Moon' Shadow and Penumbra do on the Earth. So that the 


Phenomena of any ſolar Eclipſe may be ſhewn by this Machine, with 
candle-light, almoſt as well as by the light of the Sun. 5. An up- 
right frame HH HH, on the ſides of which are Scales of the Moon's 
Latitude or Declination ſrom the Ecliptic. To theſe Scales are fitted 
two Sliders K and K, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it 13 Noith or South, Increaſing or 

2 Decreaſing, 


The EchirsaR EON dgſcribed. 


Decreaſing. 6. A) ſolar Horizon C, dividing the enlightened Hemi- 
ſphere of 05 Globe from that which is in the dark, at any given 
time, and ſhewing at what places the general ny begins and 
ends, with the riſing or ſetting Sun. 7. A Handle 

the Globe round its Axis by wheel-work, and at the ſame time 
moves the Penumbra acroſs the frame, by threads over the Pullies 
L, L. L, with a, velocity duly proportioned to that of the Moon's 
ſhadow over the Earth, as it turns on its Axis. And as the Moon's 
Motion is quicker or ſlower, according to her different diſtances from 
the Earth, the penumbral Motion is _— regulated 'in the Machine, 
by changing one of the Pullies. 


To rectiſy the. Machine for uſe. The true time of New M oon, and To redify ir, 


her Latitude being known, by the foregoing Precepts, $ 3 54, & /eq. 
if her Latitude exceeds the number of minutes or diviſions on the 
Scales (which are on the ſide of the frame hid from view in the 
Figure of the Machine) there can be no Eclipſe of the Sun at that 
Conjunction; but if it does not, the Sun will be eclipſed to ſome 
places of the Earth; and, to ſhew the times and various appearances 
of the Eclipſe at thoſe places, proceed in order as follows. 

To rectify for performing by the Light of the Sun; 1. Move the 
Sliders KX till their Indexes point to the Moon's Latitude on the 
Scales; as it is North and South, Aſcending or Deſcending, at that 
time. 2. Turn tlie Month Plate E till the day of the given New 
Moon comes to the annual Index G. 3. Unſcrew the Collar N a 
little on the Axis of the Handle, to looſen the contiguous Socket 
on which the threads that move the Penumbra are wound; and ſet 


the Penumbra by Hand till its Center comes to the perpendicular | 
en 


thread in the middle of the frame; which thread repreſents the Axis 
of the Ecliptic, $ 368. 4. Turn the Handle till the Meridian of 
London, on the Globe, comes juſt under the point of the crooked 
Wire F; then ſtop, and turn the Hour Circle D by Hand till XII 
at Noon comes to its Index. 5. Turn the Handle: fl the Hour In- 
dex points to the time of New Moon in the Circle D; and holding 
it there, ſcrew faſt the Collar N. Laſtly, elevate the Machine till 
the Sun ſhines through the Sight Holes in the ſmall upright Ware 
0, o, on the Pedeſtal ; and the 3 will be rectifiedl. 

To rectify the Machine for ſhewing by Candle-Light, a in 
every reſpect as above, except in the laſt paragraph; inſtead of which 
place a Candle before the Machine, about four yards from it, ſo as 
the ſhadow of the Interſection of the croſs threads in the middle of 
the frame may fall preciſely on that part of the Globe to which the 

M m | crooked 


which turns 
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crooked Wire F points: then, with a pair of Compaſſes take the 
diſtance : between the. Penumbra's Center, and Interſection of the 
threads ; and equal to. that diſtance ſet the Candle higher or lower, 
as the Penumbra's Center is above or below the ſaid Interſection. 
Laſtly, place a large convex Lens between the Machine and Candle, 
ſo as the Candle may be in the Focus of the Lens, and then the Rays 
will fall parallel, and caſt a ſtrong light on the Globe. * 
Theſe things done, which may be ſooner than expreſſed, turn th 
Handle backward, until the Penumbra almoſt touches the fide HF 
of the frame; then turning it gradually forward, obſerve the following 
Phenomena. 1. Where the caſtern edge of the Shadow of the pe- 


numbral Plate I firſt touches the Globe at the ſolar Horizon, thoſe 


who inhabit the correſponding part of the Earth ſee the Eclipſe be- 
gin on the uppermoſt edge of the Sun, juſt at the time of its riſing. 
2. In that place where the Penumbra's Center firſt touches the Globe, 
the inhabitants have the Sun rifing upon them centrally eclipſed. 
3. When the whole Penumbra juſt falls upon the Globe, its weſtern 
edge, at the ſolar Horizon, touches and leaves the place where the 
Eclipſe ends at Sun-riſe, on his lowermoſt edge. Continue turning, 
and, 4. The croſs lines in the Center of the Penumbra will go over 
all thoſe places on the Globe where the Sun is centrally eclipſed. 
5. When the eaſtern edge of the Shadow touches any place of the 
Globe, the Eclipſe begins there: vchen the vertical line in the Pe- 
numbra comes to any place, then is the greateſt obſcuration at that 
place; and when the weſtern edge of the Penumbra leaves the place, 
the Eclipſe ends there; the times of all which are ſhewn on the Hour 
Circle: and from the Beginning to the end, the Shadows of the con- 


centric penumbral Circles ſhe the number of Digits eclipſed at all 
the intermediate times. 6. When the eaſtern edge of the Penumbra 


leaves the Globe under the ſolar HorizonC, the inhabitants ſee the 
Sun beginning tb be eclipſed on his lowermoſt edge at its ſetting. 
7. Where the Penumbra's Center leaves the Globe, the inhabitants 
ſee the Sun ſet centrally eclipſed. And laſtly, where the Penumbra 
is wholly departing from the Globe, the inhabitants ſee the Eclipſe 


ending on the uppermoſt part of the Sun's edge, at the time of ts - 


diſappearing in the Horizon, $ 337. 


N. B. If any given day of the year, on the Plate E, be ſet to the 
annual Index G, and the Handle turned till the Meridian of any place 
comes under the point of the crooked Wire, and then the Hour 


Circle D ſet by the hand till XII comes to its Index; in turning the 


I | Globe 


wy 


1 


wwe Resszase, e e 


Globe round by the Handle, when the faid place touches the eaſtern 
edgeof the ſolar Horizon C, the Index ſhews the time of Sun-ſet- 
ting at that place; and when the place is juſt coming out from be- 
low the other edge of the Hoop C, the Index ſhews the time that 
the evening Twilight ends to it. When the place has gone through 
the dark part A, and comes about to touch under the back of the 
Hoop C on the other fide, the Index ſhews the time that the Morn- 
ing Twilight begins; and when the ſaid place is juſt coming out from 
below the edge of the Hoop next the frame, he Index points out 
the time of Sun-rifing.” And thus, the times of Sun-riſing and ſet- 
ting are ſhewn at all places, in one rotation of the Globe, for any 
given day of the year: and the point of the Wire F ſhews all the 


places that the Sun paſſes vertically over on that day. 
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A Cceleration of the fixt Stars, 216. 
Amplitude, what, 248, n. 

Angle, what, 175. | 

Annual parallax of the Stars, 185. 

Anomaly, what, 232. 

Fintients, their ſuperſtitious notions of E- 
clipſes, 323. | | 

Antipodes, what, 119. 

Apfides, line of, 231. 


a *, 3 \ 
ARCHIMEDES, his ide problem for bi o. | 


ing the earth, 150. 
Areas equal in equal times, what, 144. 
Aſtrological Eclipſes, 322. + . 
Aſtronomy, the great advantages of it both 

in religious and civil concerns, 1, 


Diſcovers the laws by which the Pla 
nets move, and are retained in their 


Orbits, 2. | 
Is friendly to Chriſtianity, 353. 
Atmoſphere, lighter the higher up, 164. 
Has an expanding property, ib. 
Its whole weight on the 's ſurſace, 


165. 

Generaly thought to be heavieſt w 
it is lighteſt, 166. 

Without it the Heavens would appear 
dark in the day-time, 167. 

Is the cauſe of twilight, 76. 


< _ _ 


Articles, * 2 iQ II 


Its height, ib. 
Refradsrthe/Bun's rays, 168, | 


cus ball, its ſwiftneſs, 91, 
r 
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Cauſes the Sun and Moon to appear 
above the Horizon, when they are 
really below it, 16. 

Foggy, deceives us in the bulk and diſ- 

+ tance of objects, 175. 
Attraction, greater in the larger than in 
the lefler Planets, 149. 

Greater in the Sun than in all the Pla- 
nets if put together, 76. 

Axes, and Poles of the Planets, what, 20. 


I beir different poſitions with reſpect to 


one another in the Heavens, 113. 
Axis of the Earth, its paralleliſm, 191. 
Its poſition variable as ſeen from the Sun 

or Moon, 332; the Phenomena 
thence ariſing, 334. 


s f B. 


Bodies, on the Earth, loſe of their weight 
the nearer they are to the Equator, 
I17. 

How they mi 
upon it, 11 
How they become viſible, 157. 


gh loſe all their weight 
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In what time it would fly from the Sun 
to the different Planets, and neareſt 
fixt Stars, 91. 
CasSIN1, his account of a double Star 
covered by the Moon, 339. 
Catalogue of Eclipſes, 321. 
Celeſtial Globe improved, 406. _ 
Centripetal and centrifugal forces, how they 
alternately overcome each other in the 
motions of the Planets, 143—145. 
Chords, line of, how to make, 377. 
. Circles, of perpetual apparition and occul- 
tation, 126. | 
Of the Sphere, 187. | 
Contain 360 degrees, whether they be 
great or ſmall, 195. 
CoLumBus (CHRISTOPHER) his ſtory 
concerning an Eclipſe, 324. 
Clocks, an eaſy method of knowing whe- 
ther they go true or falſe, 216. 
Why they differ from the Sun when 
they go true, 222---238. 
How to regulate them by Equation Ta- 
bles, and a Meridian Line, 219, 220. 
Cometarium deſcribed, 405. 
Comets, their Phenomena, 94—96. 


D. 


Darkneſs at our Sa vioun's | crucifixion 
proved to be ſupernatural, 347. 
Day, natural, not compleated in an abſo- 

lute turn of the Earth on its Axis, 
a oi | 1658 
And Niebt, always equally long at the 
Equator, 124. | Ws L 
Lengthens and ſhortens between the E- 
.  , - quatorand Polar Circles, 124. 
Degree, what, 187, 195. 
Digit, what, 315, 6.6 | 
Diſtances of the Planets from the Sun, an 
idea thereof, g1., _ 
A Table thereof, &c. 100. 
How found, 179, 180. | 
Diurnal and annual motions of the Earth 
- +480 by an eaſy experiment, 
n | 


By an ideal building, taper and boat, 
109. 
By a figure, 191. 'F 
Double prejectile force, a balance to a gua- 
druple power of gravity, 144. 


a 


E 


the Sun; 47 
Inclination of its Axis, 48. | 
Turns round its Axis, 47 ; this motion 
_ _ demonſtrable from its figure, 116, 
Proof of its being globular, or at leaſt 
nearly ſo, 49. | 
Meaſurement of its ſurface, 50, 51. 
Difference between its equatoreal and 
polar Diameters, 78. _ # 
Its motion: round the Sun demonſtrated 
by gravity, 104, 106 ; by Dr. BRA p- 
LEY's obſervations, 115 ; by the E- 
dlipſes of Jupiter's Satellites, 207. 
Velocity of its annual Motion, 47, com- 
pared with the velocity of light, 186, 
its motion cannot be felt, 110, 111. 
Its diurnal and annual motions repre» 
| ſented by an eaſy: and familiar expe- 
riment, 189. IE 
ObjeRions againſt its motion anſwered, 
129. | 
Has no ſuch thing as an upper or under 
ſide, 119, in what caſe it might, 
I20, 
Proved to be leſs than the Sun, and big- 
ger than the Moon, 309. 


Earth, its bulk, period; and diſtance from 


 Eclip/areon, (an inſtrument) deſcribed, 


410. (4? | | 
2 of the Sun and Moon, 306-321. 
ore of the Sun than of the Moon, 
and why, 325. | 
Why they happen not in every month, 
10. 
When they muſt happen, 311. 
Their limits, 6. 
Their period, 314, 320. 
A diſſertation on their progreſs, 315--- 
318, | 
| How 


1 D EX. 


How to calculate and project: them, 


362---376. 
Ancient, to verify them, 397309. 
A large E of them, 321. 
Their uſe, 34 


Of Jupiter's Satellites, how the l 
tude is found by them, 199---201. 
They demonſtrate the velocity of light, 
204. * 
Ecliptic, 21— 192. 


Makes different Angles with the Hori- 


zon every hour, 243: how thoſe An- 
gles may be eſtimated by the poſition 


of the Moon's horns, 26 
10 8 Signs 3 their names bind * | 


93. 
How they are numbred, 36 3 
Elongations of Mercury and Wendy 134, 


Of Al the Planets, 138. 
Equation, of time, 218241. 

Of the Sun's place, 331. 

Of the Moon's place, 356. 

Of the 1 371. 1 

Equator, 187. 

Makes always the fas Angle . the 
Horizon of the ſame _ the E- 
cliptic not, 243. 

* their preceſſion, 43. . 239, 


8 of the Planets Omi, * 
F. 


Fallactes in :udgiog of the bulk of objects 
NN their apparent diſtance, 175, ap- 
ied to the ſolution of the dee 
oon, 176. 
Firſt Meridian, what, 195. 
Full Moon never viſible at the Poles in 
Summer, 258. | 


* 
G. 


General Phenomena of a fuperior Planet to 
an inferior, 140. 
Gravity, demonſtrable, 102. 


| Of bodies on the ſurface of the Sun and 
Planet, 10. 
Keeps all bodies on the Earth to its ſur- 
face, and conſtitutes their weight, 


Nen all the Planets and Satellites in 
their Orbits, 104. 
Proves the Earth's Motion ound the 
Sun, ib. 
Decreaſes as the ſquare of the diſtance 
increaſes, 145, 
Proved to be greater in the larger than 
in the ſmaller Planets, and greater in 
the Sun than in all the Planets, 149. 
Hard to underſtand what it is, 151. 
Acts every moment, 
Globe, ( improved celeſtial} 4 406. 
Fa 407. | 


H. 


| Manna of the celeſtial motions, 114. 


Harvęſi Moon, 242-257. 
None at the Equator, HE | 
Very remarkable at the Polar Circles, 
251. 
In what years moſt and leaft advanta- 
geous, 256. 
Hoa, decreaſes as the ſquare of the diſtance 
from the Sun increaſes, 159. 
Why not greateſt wherr the” Earth is 
neareſt the Sun, 104. 
Why greater about three 0 clock in the 
4 — than when the Sun is on 
the Meridian, 203. 


Heavens, their appearance to the SFerent 


Planets, 1 13, 209; ſeem to turn on 
different Axes, and with different ve- 
locities to maſt of the Planets, 113. 

The Sun's Center the only point from 
whence their true motions could be 
ſeen, 210. | 

Only one Hemiſphere of em been at once 
from the ſurface of any Planet, 223. 

Howizony what, 12%, 'n. 

Horizontal Mom, 176. | 
Horizontal Parallax, of the Moon, 1 21 ; 
of the Sun, 180; beſt obſerve 

the Equator, 182. 
Hour 


EN 1 


Hour Circles, what, 196. 
Hour of time equal to 1 5 degrees of x mo- 
tion, ib. 6 
Hu yGEnvs, his choughts concerning the 
+ diſtance of ſome ſtars, 7. 


1 


Inclination of Venus's Axis, 30. 

Of the Earth's, 48. 

Of the Axis or Orbit of a Planet only 
relative, 190. 

Inbabitants of the Earth. (or any other 
Planet) ſtand on oppoſite ſides with 
their feet towards one another, yet 
each thinks himſelf on the upper ſide, 
and why, 119. 

Jupiter, his diſtance, bulk, diurnal and 
annual revolutions, 70, 71. 
The Phenomena of his belts, 72. 

Has no difference of ſeaſons, 73; 

The difference between his equatoreal 
and polar Diameters, 78. 

The inclination of his Orbit, and place 
of his North Node, 79. 

The Sun's light 3000 times as ſtrong on 
him as Full Moon light i is on the 
Earth, 87. | 

» probably inhabited, $8. 

The amazing ſtrength required to put 
him in motion, 149. 

Has four Moons, 74 their grand pe- 
riod, 75; the Angles which their 
Orbits ſubtend, as ſeen from the 
Earth, 76; they ſuffer Eclipſes in 
every revolution, 77; the F N aces 
of their Paths, ow 


L. 


Light, the amazing ſmallneſs of its parti- 
cles, 155; and the dreadful miſchief 
= would do if they were larger, 


Its lage velocity, 204; compared 
with the ſwiftneſs of the Earth's an- 
nual motion, 186. 


In what time it comes from the Sun to 


the Earth, 204; this explained by a 
figure, 205. 
Affords à proof of the Earth's annual 
motion, 186, 207. 
| Decteaſes as the ſquare of the diftance 
from the luminous body increaſes, 


Js gcftaded in paſſing wird * 
mediums, 161163. 
Limits of Eclipſes, 311. . 
Line, of the Nodes, what, 311 5 ha a fe- 
trograde motion, 3 * 
= E and Chords, w to make, 


Lang (Rev. Dr.) his glaſs Sphere, 124. 

His Diagrams of the geocentric motions 

of Mercury and Venus, 213. 

His method of comparing the quantity 
of the ſurface of dry land with that of 
the ſea, gr. 

Longitude, how found, rgg---20r. 


M "as 


Man, of a middle fize, how much Nelel 
by the weight of the Atmoſphere, 
1053 why this preſſure is not felt, 
7 id; : 

Could catry more upon one Planet than 

upon another, 105. 

Mars, his bulk, diſtance, period, and other 
phenomena, 66---69, 

Matter, its properties, 101. 

Mean Anomaly, what, 232. 

Mercury, the Planet, his bulk, dittance, 
period, Jight, and heat, 2 

He appears in all the ſhapes oh the Moon, 


24. 
When he will be ſeen on the Sun, 25. 
The inclination of his Orbit, and place 
of his Aſcending Node, 25, 26. 
Experiment to ſhew his Phaſes, and ap- 
parent Motion, 133; the ſame de- 
ſcribed by a Figure, 134. 
Mercury (Quickſilver) in the Barometer, 


why not affected by the Moon's raiſ- 


ing tides in the air, 305. 
Meridian, firſt, 195. 
Line, how to draw one, 240. 
1 


N UR N : 


Moon, her ſurface mountainous, 259. 
If ſmooth, ſhe could give us no light, 
jhbid. 485 
Why no hills appear round her edges, 
260. 


Shines not by her own light, 54. 
tull, 263. 
Her bulk and period, 52 1] 
Proved to be 1:{s than the Earth, 309. 
Is the Earth's Satellite, 52. A 
The Earth a Moon to her, 56. 
How the Earth appears to her, 63. 
Has no difference of ſeaſons, 55. 
Nor an Atmoſphere of any viſible denſi- 
„„ 
Nor ſeas, 61. 6111 
Her Phaſes, 53, 262; agreeably repre- 
ſented by a globular ſtone viewed in 
ſun-ſhine when ſhe is above the Ho- 
rizon, and the obſer ver placed as if 
he law her on the topf the ſtone, 
205. 
Ts round her Axis, 269. 
The length of her ſidereal and ſolar day, 
269. 
Has no twilight, 261. | 
Her periodical and ſynodical revolution, 
2703 repreſented by the motions of 
the hour and minute hands of a 
watch, 271; a machine for ſhew- 
ng theſe revolutions more juſtly, 
ibid. 
Her Orbit compared with the Earth's, 
278. N 1 
. no delineated, and ſhewn to be 
always concave to the Sun, 272. 
Her Motion alternately retarded, and 
accelerated, 273. | 
Her gravity towards the Sun greater 
than towards the earth at her Con- 
junction, and why ſhe does not on 
that account abandon the earth, 275. 
How her inhabitants may be ſuppoſed 
co meaſure their year, 66. 
Her light compared with day-light, 87. 
Continues above the Horizon of the 
Poles in every month of winter for 
fourteen natural days together, 258. 
I. nearer the Earth now t ſhe was 
formerly, 153. 


Appears not always quite round when 


Appears bigger in the Horizon than at 
any — Altitude above it, 
and why, 175, 196; yet is ſtill ſeen 
under the ſame Angle, 177. 

Riſes nearer the time of Sun- ſet when 
about the Full in Harveſt for a whole 
week, than when about the Full at 
any other time of the year, and why, 
242-254; this riſing goes through 
a courſe of increaſing and decreaſing 
A to the farmers every 19 years, 
256. | | 

Fler Nodes, 311; aſcending and de- 
ſcending, 312; their retrograde mo- 
|: otion, 313. 0 
Her Orbit elliptical, 326; its Excen- 
| tricity, 100. 755 1 
. Her Apogee and Perigee, 330. 
Not inviſible in total Eclipſes, and why, 
115 791. 

How to calculate her Conjunctions and 

Oppoſitions, 354; and Eclipſes, 


390. e 
Merning and Evening Star, what, 136. 


N. 


Natural Day, not compleated in the time 
that the Earth turns round its Axis, 
I.. 14 | 

. Eclipſe. 322. | 

Nodes, of the Planets Orbits, their places 
in the Ecliptic, 21. 

Of the Moon's Orbit, 312 ; their re- 
trograde motion, 313. 
3 degree, what, 266. 

New and Full Men, to calculate the times 


of, 35477235 8. 


O. 


 Objetts, we often miſtake their bulk, by 


misjudging their diſtance, 175. 
Appear bigger when ſeen through a 
Fog than in clear Air, and why, ib. 
Oblique Sphere,” 128. 1 | 
. Olym- 


I N * 


Olympiads, what, 317. n. | 
Orbits of the Planets, not ſolid, 22, 
Orrery, deſcribed, 402-404. 


| 


Parallax, horizontal, 179. 
Parallel ſphere, 128. | 
Poralllif of the Earth's Axis, 191. 
Path, of the Moon, 272. 
Of Jupiter's Moons, 276. ? 
Pendulums, their ſwinging differently near 
the Poles from what they do at the E- 
quator, prove that the Earth turns on 
its Axis, 117. 
Penumbra, what, 330. 
Its Velocity on the Earth in ſolar E- 
clipſes, 331. 
Period of Eclipſes, 314, 320. 
Phaſes of the Moon, 25920. 
Planets, much of the ſame nature with our 
Earth, 12. 
Some have Moons belonging to them, 


13. N 

TY all the ſame way round the Sun, 
but not as ſeen from one another, 
19. 

The Moons denote them to he inha- 
bited, 88. 

The proportional breadth of the Sun as 
ſeen from them, according to their 
diſtances from him, 89. 

Their proportional bulks with reſpect to 
the Sun, 90. 

An idea of their diſtances from the Sun, 


5 
Aon bigger and lefler by turns, and 
why, 92. 
Are kept in their Orbits by the power 
of gravity, 104. 
Elongations of all the reſt as ſeen from 
Saturn, 1 


8. 
The Shyfical cauſes of their motions, 
I41---143- 


Deſcribe equal Areas in equal times, 


144. | : 
The Excentricities of their Orbits, 146. 
In what times they would fall to the 
Sun by the power of gravity, 148. 


Diſturb one another's motions ; the 
deer e, „ 
Appear dimmer ſeen through Teleſcopes 
than by the bare eye; the reaſon of 

Their! mod lar as f 
eir motions very irregular as ſeen 
from the Earth, 1 

The apparent motions of Mercury and 
Venus delineated by pencils put in 


their places in an Orrery, 213. 


Polar Circles, 187. 


Poles, of the world, 119. 

Celeſtial, ſeem to keep in the ſame points 
of the Heavens all the year round, 
and why, 185. 

2 force, 101, 103, 105, 141. 

f doubled would balance a quadruple 

power of gravity, 1 | 


Is evidently an — Fond the Hand 


of the ALMIGHTY, 151. 
Planetary Globe deſcribed, 40. 
Preceſſion of the Equinoxes, 239, 317. n. 
Ptolemean Syſtem abſurd, 98, 131. 


1 

Rays of Light, if not diſturbed, move in 

ſtraight lines, and impede not one 
ther's motions, 1658. 

Are refracted by paſſing through differ- 


ent Mediums, 161. 
2 of the Atmoſphere, cauſes twilight, 
167. | 


7 
Refraction of the Atmoſphere, bends the rays 
of light from ſtraight lines, and keeps 
the Sun and Moon longer in ſight 
than they would otherwiſe be, 168. 
A ſurpriſing inſtance of this, 173. 
Cauſes the Sun and Moon to appear oval 
when near the Horizon, and why, 
174. 
Its ous at different Altitudes, 171. 
Muſt be allowed for in taking the Alti- 
tudes of the celeſtial bodies, 173. 


8. 


Satellites, their Orbits compared with each 
other, with the Orbits of their 1 


n lanets, 


I N 


Planets, and with the Sun's circum- 


ference, 278. 
The ſorts of curves they deſeribe, 279. 
The grand period of thoſe of Jupiter, 

15» 277. f F 
The times of their revolutions round 

their primaries, 52, 75, 82. 

How it may be ſoon known if Venus has 

any, 46. 

Saturn, with his Ring and Moons; their 

neral Phenomena, 80---84. 
The Sun's light ro00 times as ſtrong to 

him as Full Moon light is to us, 87. 
The Phenomena of his Ring farther ex- 

plained, 193. 

Our bleſſed SAVIOUR, a remarkable pro- 
phecy concerning the year of his cru- 
cifixion, 3493 an aſtronomical cal- 
culation which fixes it to the ſame 
prophetic year, 3811 _ 

The darkneſs at his cf 


to be ſupernatural, 347, 353. 
Seaſons, different, illuſtrated by an eaſy ex- 
periment, 189; by a 


gure, 191, 

192. 8 

Shadow, what, 306. * 

Sidereal time, what, 214; the number of 
ſidereal days in a year exceeds the 
number of natural days by one, and 


ixion proved 


D «= x 


Stars, * vaſt diſtance from the Earth, 
| 4,85: 
Probably not all at the ſame diſtance, 6. 
Shine by their own native light, and are 
therefore Suns, 5. 
Are probably Suns to other Planets, q, 
10. 
Seem to move faſter than our Sun, and 
why, 108. 
A demonſtration that they do not move 
round the Earth, 112. 
Have a ſlow apparent motion round the 
Poles of the Ecliptic, and why, 239. 
SUN, appears bigger than the Stars, and 
Why, 4. 8 
His bulk, 19. 
my to be greater than the Moon's, 
181, 
| mw more than fill the Moon's Orbit, 
278. | 
Turns round his Axis, 19. 
His proportional breadth as ſeen from 
the different Planets, 89. 
His center the loweſt point in the ſyſ- 
tem, 121. | 
Is for half a year together, viſible at each 
_ in its turn, and as long inviſtble, 
180. . 
Is 2 the Earth in Winter than in 


why, 215 ; the fidereal dayo N 194. 


equally long, and why, 218. 

An eaſy method of regulating Clocks 
and Watches by it, 216. 

Signs of the Zodiac, their names and cha- 
racters, 93, 192. ; 

How they are numbered, 363. 

SMITH (Rev. Dr.) his comparifon of 
Moon light with Day light, 87. 

His — 2 that light decreaſes, 
as the ſquare of the diſtance from the 
luminous body increaſes, 1 59. 

SMITH (Mr. GEORGE) his diflertation 
on the progreſs of a folar Eclipſe, 
315---318. | 

Solar A/tronomer, the judgment he might 
be ſuppoſed to make concerning the 
Planets and Stars, 211. 

Sphere, parallel, oblique, and right, 128. 

Its Circles, | 


— 
Spring and nepe Tides, 295. 


ſcribes unequal arcs above and below 
the Horizon, at different times, and 
why, 128. 

His center the only place from which 
the true motions of the Planets could 
be ſeen, 210. 

An we” method for finding his place in 
the Ecliptic, 217. 

Why his motion agrees fo ſeldom with 
_ of a well-going Clock, 218--- 
238. 

To compute his place, 371. 

: Syſtems, the ſolar, 18-97; the Ptole- 
mean, 98; the Tychonic, 99. 


F. 


Table, of the bulks, diſtances, revolutions, 
Of 


Sc. of the Planets, 100. 


INDE Xx 


Of refractions, 172, 

For reducing time into motion, and the 
reverſe, 208. 

Shewing how much of the celeſtial 8 
quator paſſes over the Meridian in any 
part of a mean ſolar day, and how 


much the fixt Stars gain 5 the 


mean ſolar time, 215. 


Of the firſt part of the Equation of time, 


223; of the ſecond part, 234. 
Of the Preceſſion of the Equinox, 239. 
Of the length of ſidereal, julian, an and 


tropical years, 24 l. %. £”; 
Of the Sun's place and ano- 6—— 
maly, following 
Of the Equation of natural - 5 


days, 

Of the moſt and leaſt advantageous har- 
veſt Moons, 256. 

Of the Conjunctions of the hour and 
minute hands of a watch, 271. 

Of 0 curves deſcribed by the Satellites, 


Of Lites, 427; 
For calculating New and Full Moons 
and Eclipſes, 401. 
THraLEs's Eclipſe, 377» 322. 
THucipyDEs's Eclipſe, 318, 322. 
Tides, their cauſe an phenomena, 280— 


304. 
Much higher in the Air than in the Sea, 


5 
Tide-dial deſcribed, 409. 
Trajectorium Lunare deſcribed, 408. 
Tropics, 187. 
Twilight, none in the Moon, 261, 
Tychonic Syſtem, abſurd, 99, 370. 


U. 


Univerſe, the work of Almighty Power, 7. 

Up and down, only relative terms, 119, 
121. 

Upper or under fide of the Earth, no ſuch 
thing, 120. 


v. 


Velocity of light, compared with that of the 
Earth's annual motion, 186. 

Venus, her bulk, N period, length of 

days and nig hts, 27. 

Shines not by her own light, ibid. 

Is our morning and evening Star, 29— 


136. 
Her ſurpriſing phenomena, 30—44. 
The inclination of her Orbit, 45. 
Her Axis how ſituated, 30. 
When ſhe will be foen upon the . 


„1. 
How it may be known if ſhe has a Sa- 


tellite, 46. 
Appears in all the ſhapes of the Moon, 
24, 132. 
An experiment to ſhew her phaſes and 
apparent motion, 132. 
Viſion, how cauſed, 157. 


W. 


Miatber, why not hotteſt when the 185 is 
neareſt to us, and why, 194. 

Wight, the cauſe of it, 119. 

World, not eternal, 154. 


V. 


Year, great, 239. 
Julian, 240, 317 ts 
Tropical, 317. 
Sidereal, ibid. 
How long it would be if the Sun moved 
round the Earth, 114. 


Z. 


Zones, what, 188. 
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